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New radiocarbon dates and stratigraphic evidence i ndicate 
correlations between stratigraphic units on Whidbey Island and in 
Kitsap County. Eight new cl4 dates and five previous dates, 
together with the stratigraphic position of units and similarities 
in their composition, support the concept that the Double Bluff 
Drift, Whidbey Formation, and possibly Possession Drift, extend 
south of Whidbey Island into Kitsap County. 
In Kitsap County, fine-grained floodplain deposits of the 
Whidbey Formation, with radiocarbon dates beyond the limits of 
conventional laboratory methods, are located at higher elevations 
thah adjacent floodplain deposits of the Olympia nonglacial interval. 
This stratigraphic relationship suggests that the Whidbey floodplain 
was extensively eroded prior to deposition of the Olympia floodplain 
sediments whicn are unconfonnable upon this irregular surface. Thus, 
Molenaar's belief that the Kitsap Fonnation was deposited during the 
Olympia nonglacial interval and his useage of the tenn Kitsap Forma-
tion for these stratified fine-grained sediments of various ages, is 
incorrect. 
The type locality of the Kitsap Fonnation, near Maplewo~d in 
southeast Kitsap County, includes a silt and two thin peat uoits 
lying between oxidized gravel of a pre-Vashon glac iation tha~ is 
overlain by fine-grained Olympia sediments. Molenaar interpreted 
this sequence as a transition from glacial to nonglacial deposition 
and included the silt , peat, and oxidized gravel in the Kitsap 
Formation. However, a recent cl4 date obtained from the peat was 
14 ,40,000 yrs B.P . (WW ), whereas the oldest C date obtained by 
the author from Olympia sediments elsewhere in Kitsap County is 
36,235 yrs B.P. (U.W. 446) . In addition, the arbitrary contact 
ii 
chosen by Molenaar between glacial and nonglacial sediments at 
Maplewood is not representative of the contact elsewhere in Kitsap 
County, and by including the oxidized gravel as part of the Kitsap 
Formation, he has deviated from the fine-grained nonglacial descrip-




LI ST OF FI GU RES 
LIST OF TABLES. 
LIST OF PLATES. 
INTRODUCTION. 
TABLE OF CONTENTS 








Previous Work. 5 
Acknowledgements 7 
STRATIGRAPHY OF KITSAP COUNTY 9 
TERTIARY PERIOD . 11 
Eocene Epoch 11 
Igneous Rocks (Tv). 11 
Description. . . 11 
Distribution and Stratigraphic Relationships 12 
Age. . . . . 13 
01 i gocene Epoch. . 14 
Blakely Formation (Tb) . 14 
Description. 14 
Distribution and Stratigraphic Relationships . . •. 15 
Age . . . 








Double Bluff Drift. . . . . . 16 
Description and Lithology. 16 
Distribution and Stratigraphic Relationships 17 
Age and Correlation. 31 
Whi dbey Formation . . . 34 
Description anq Lithology. 34 
Distribution and Stratigraphic Relationships 35 
Age. . . . . . . . 42 
Possession Drift (Qp} 45 
Des cri pti on and Li tho 1 ogy. 45 
Distribution and Stratigraphic Relationships 48 
Age and Correlation. 58 
Kitsap Formation (Qk) . 60 
Description and Background . 60 
The Kitsap Problem . . 61 
Proposed Change of Map Units in Kitsap County. 63 
Age and Stratigraphic Correlation. . 65 
Deformation. . . . 74 
Skokomish Gravel (Qs) 78 
Description and Li tho 1 ogy. 78 
Distribution . . ; . . . . 79 
Age and Stratigraphic Correlation. 
Vashon Drift (Qv) ... . . . . ,. 
Vashon Lacustrine Deposits (Qvl ) . ... 
Description . . . . . . . # . 







Esperance Sand (Qve) . 84 
Description 84 
Distribution and Stratigraphic Relationships. 85 
Vashon Till (Qvt). 88 
Description . . 88 
Distribution. 89. 
Stratigraphic Relationships 89 
Vashon Recessional Outwash . . 90 
Description and Distribution . 90 
Holocene Epoch 99 
A 11 uvi um. . 99 
Description. 99 
Artificial Fill . 99 
Description . . . . 











APPENDICES ...... . 
APPENDI X !--Stratigraphic Cross sections. 
APPENDIX II--Land Use Feasibility 
Introduction . . 
Use of Soil Survey 
On-site Sewage Disposal. 
APPENDI X III--Slope Stability 
Map Units ....... . ., . 
APPENDIX IV--Feasibility of Soils for On-site Sewage Disposal 159 
APPENDI X V--Undated Sample locations in Kitsap County 
REFERENCES CITED. . . . . . . . . . . . . . . . . . . 
f • 
. -. 167 
171 
vi 
LIST OF FIGURES 
Number 
1 Index Map of Kitsap County and U.S.G.S. 7~ Min. Quad . 
Sheets for Kitsap County . .. .... .. .. . .. . 2 
2 Dioritic Intrusion at Rock Quarry, West of Wildcat Lake 11 
3 Contact Zone of Diorite Intruded into Gabbro at Rock 
Quarry, West of Wi 1 dcat Lake. . . . . . . . . 12 
4 Dipping Sedimentary Beds of Blakely Formation near 
Watauga Beach . . . . . . . . . 14 
5 Double Bluff Till near Anderson Point . . . 18 
6 Three Measured Sections from 2.4 km South of Eglon to 
Point-No-Point. . . . . . . . . . . . . . . . . . 19 
7 Drag Fold at Base of Double Bluff Drift South of Eglon. 20 
8 Vashon Till and Clay Diamicton Thought to Represent 
Two Glaciations . . . . . . . . . 20 
9 Double Bluff Till at Indianola. . 21 
10 Pre-Fraser Gravel 23 
11 Dated Sample Site near Indianola. 23 
12 Double Bluff Till at Foulweather Bluff. . 25 
13 Measured Stratigraphic Section at Foulweather Bluff 25 
14 Pebbly Clay Diamicton with Whole Shells at Foulweather 
Bluff . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
15 Pebbly Clay Diamicton Containing Shell Fragments North 
of Roll ing Bay . . . . . . . . .. . . . . . . . . . . . . 27 
16 Double Bluff Drift at Possession Point, Whidbey Island .. 28 
17 
18 
Oxidized Gravel near Manette Bridge .. 
Deformed Pebbly Clay Diamicton near Southworth. 
. ,. 29 
. 30 
19A Possible Correlation Between Double Bluff Dri ft on Whitjbey 
Is land and Salmon Springs Drift in southern Puget Lowland 32 
19B Possible Correlation Between Double Bluff Drift on Whidbey 
Is land and Salmon Springs Drift in southern Puget Lowland 32 
















Nonglacial Sediments at Indianola ..... . 
c14 Dated Sections at Fragaria and Maplewood. 
Interbedded Silt and Clay of Whidbey Formation near 
Ho 11 y . • . . . . . . . • . • . . • • . . . 
Peat Exposed Along Port Washington Narrows . . 
c14 Dates and Sample Localities in the Whidbey 
Formation . . . . . . . . . . . ..... 
Oxidized Gravel of Possession Drift or Older at 
Map 1 ewood . . . . . . . . . . . . . . . . . 
Peat and Clay Within Possession(?) Drift at Maplewood 
Deltaic Foreset Beds near 01al1a . . 
Imbrication of Gravel at University Point 
University Point Gravel of Olympic Mountain Origin. 
Two Measured Sections in Miller Road Gravel Pit . . 
Pebbly Gravel of Olympic Mountain Origin at Miller 
Road Gravel Pit ... . ... . ........ . 
Oxiodized Gravel and Interbedded Peat and Clay at 
Fl etcher Bay . . . . . . . . . . . . . . . . . . 
Pea- to Pebble-Size Gravel of Olympic Mountain 
Origin on Bainbridge Island . .. . . .... . 
















Bay . . . . . . . . . . . . . . . . . . . . . . 57 
36 c14 Dates and Sample Locations in the Whidbey 
Fonnation . . . . . . . . . . . . . . 59 
37 Unconfonnity Between Olympia Nong1acia1 Sediments and 
Whidbey Formati on . . . . . . . . . . . . . . . . 64 
38 Three Measured Sections from Point-No-Point to 670 rn • 
South of Point-No-Point . . . . . . 1 66 
39 c14 Dated Section at Point-No-Point . . . . . . . . 67 
40 Bedded Sand and Clay of Olympia Nonglacial Interval 






Interbedded Sand and Clay of Olympia Nong1acia1 
Interval South of Point-No-Point. . . . . . . 
Sand, Gravel, and Clay of Olympia Nong1acia1 
Interval near Barker Creek. 
Kingston Section. . . . . . . . . . 
Composite Stratigraphic Section Showing Kitsap 
Formation ·Overlain by Vashon Drift North of Kingston 










Clays Intruded Upward into Overlying Sand Near 
Sheltered Bay . . . . . ..... . 
Tightly Folded Diapir Folds South of Sheltered Bay. 




49 c14 Dates and Sample Localities in the Kitsap Formation 77 
50 Basalt Cobbles of Olympic Mountain Derivation Deposited 
on Beach North of Ho 11 y . . . . . . . . 78 
51 Lawton Clay Type Section, Fort Lawton . 83 
52 Esperance Sand at Misery Point. . 86 
53 Vashon Advance Sand and Gravel at Jefferson Point . 87 
54 Vashon Me1twater Drainage in 01a11a Valley. 91 
55 Foreset Beds in Vashon Sand in 01a11a Valley. 92 
56 Deformed Ice Contact Depos·its Near Horseshoe Lake 93 
57 Collapse Feature in Vashon Ice Contact Deposit at 
Newberry Hi 11 . . . . . . . . . . . . . . . . 93 
58 Vashon Ice Contact Sand and Gravel in Garst Creek Valley 94 
59 Vashon Ice Contact Stratified Sand and Gravel on 
East side of Bethel-Burley Va11ey . . ...... . . , . 95 
60 Vashon Ice Contact Deposits Adjacent to Blackjack and · 
Burley Va 11 ey . . . . . . . . . . . . . 96 
61 Vashon De1taic Sand Deposit Near Breidab1ick . . . 97 








Perched Groundwater Above an Impervious Soil .... 
Poorly Drained Valley Soil Underlain by Vashon Till 
Flow of Saturated Clay Over Dense Sand at Apple Cove 
Point . . . . . . . . . . . . . . . . . . . 
Large Landslide Deposit Near Warrenville . . 
View Park Home Built on Recent Slide. 
Slide Caused by Improper Drainage and Removal of 








69 Slope Failure Caused by Undercutting Near Creosote Plant 155 
J ' 
LIST OF TABLES 
Number 
1 Summary of Previous Stratigraphic Units in 
Kitsap County . . . . . . . . . . 6 
2 Summary of Stratigraphic Units in Kitsap County 10 
3 c14 Dates From the Whidbey Formation in Kitsap County 44 
4 Pebble Counts at Miller Road Gravel Pit 54 
5 c14 Dates From Possession Drift(?) in Kitsap County 64 
6 c14 Dates from Kitsap Fonnation in Kitsap County. . . 83 
7 Summary of Quaternary Geologic History of the Puget 
Lowland in Kitsap County . . . . . . . . . . . . .103 





Set-Back Requirements for Kitsap County 
Feasibility of Soils for On-Site Sewage Disposal. 
Explanation of Soil Ratings 















Stratigraphic Cross-Section near Indianola. . . 22 
Stratigraphic Cross-Section at University Point . 
Stratigraphic Cross-Section through Miller Road 
Grav~l Pit. . . . . . . . . . . . . . ... 
Stratigraphic Cross-Section from the Mouth of 
Baker Creek 300 m. south . . . . . . . . . 
Stratigraphic Cross-Section from Kingston Ferry 
Landing to Point-No-Point . . . . . . . . . . 
Stratigraphic Cross-Section from Hansville to 
Foulweather Bluff and South from Foulweather Bluff 






7 Geology and On-Site Sewage Feasibility Map of 
Kitsap County . . . . . . . . . . . . . .. map pocket 
8 Slope Stability Map of Kitsap County. . . . . map pocket 
, 
. ' 
QUATERNARY GEOLOGY AND STRATIGRAPHY 
OF KITSAP COUNTY, WASHINGTON 
INTRODUCTION 
Since investigations of Pleistocene geology in the Puget Lowland 
began near the turn of the century, names for various glacial and non-
glacial deposits have been changed and new names added . New information 
on Pleistocene geology in the Lowland is now available from radiocarbon 
dates, pollen analysis, petrologic-mineralogic studies, stratigraphic 
correlations, relative sea level changes, and geologic mapping. This 
study of Kitsap County geology incorporates new data for use in corre-
lating stratigraphic units with those of adjacent areas in the Puget 
Lowland. 
Location and Geologic Setting 
The study area (Figure 1) includes all of Kitsap County. Seven-
teen 7~ minute U. S. Geological Survey topographic Quadrangle maps 
(Figure 1) were used as base maps for geologic mapping and for prepara-
tion of slope stability maps. 
Kitsap County occupies the northern portion of the Kitsap Peninsula, 
Bainbridge Island, and Blake Island (Figure 1) . The county ries within , 
a long north-south trending structural and topographic lowland, bordered 
by the Cascade Mountains on the east and the Olympic Mountains on the ., 
west. Marine waters surround the county on three sides: Hood Canal 
to the west, Admiralty Inlet to the north, and Puget Sound and Colvos 
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Passage to the east. In addition, many marine embayments indent the 
peninsula giving Kitsap County approxi.mately 365 ki:lometers· of 
shoreline. 
Except for a few exposures of Tertiary igneous and sedimentary 
rocks, surface sediments of Kitsap County are Pleistocene in age. 
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The Puget Lowland is part of a large glacial drift plain, charac-
terized by low, gently rolling north-south trending ridges, separated 
by valleys and marine embayments. The ridges are mantled by glacial 
till underlain by older glacial and interglacial deposits; the valleys 
contain glacial ·outwash and recent alluvium. The glacial deposits are 
well exposed in numerous sea cliffs found along the many miles of 
shoreline in the county. 
The glacial sediments were deposited by a large ice sheet which 
formed in the Coast Range and adjacent areas of southwest British 
Columbia and made repeated advances into the Puget Lowland. During 
the last major glaciation, the ice was 900 to 1200 meters in thickness 
in the vicinity of the Kitsap Peninsula. Near the southern extent of 
the glacier, in the Black Hills region northwest of Olympia the ice 
was 360 to 600 meters in thickness . Evidence for at least two major 
glaciations is found in Kitsap County. 
Since the glacier last retreated from the central Puget Lowland 
between 13,000 and 14,000 years ago, the land surface has been only 
• 
slightly modified by recent deposits of streams, lakes, mars ~es, small 




The principle focus of this thesis is the Pleistocene stratigraphy 
of Kitsap County. The major question posed is whether the nonglacial 
Kitsap Formation is a viable rock-stratigraphic unit. 
The Kitsap Formation was initially defined by Sceva (1957) and 
later redefined by Molenaar (Garling and others, 1965) on the Kitsap 
Peninsula as a nonglacial unit of the Olympia Interglaciation which 
ranged from 20,000 to over 40,000 years B.P .. The basis for assigning 
the Kitsap to this interval were radiocarbon dates of between 20,000 
and 35,000 years B.P . obtained in the Puget Lowland . Since Molenaar 
named the Kitsap Formation, however, discrepancies in these early c14 
dates due to tritium contamination have been found. More recent c14 
dates, from the same localities as previously dated samples, have all 
been beyond the limits of conventional c14 dating. In addition, 
Armstrong and others (1965) originally assigned the rank of intergla-
ciation to the Olympia interval that immediately preceded the Vashon 
Stade of the Fraser Glaciation in the Puget Lowland. The Olympia has 
now been redefined by Hansen and Easterbrook (1974) as a nonglacial 
interval of less than interglacial ranking. New radiocarbon and 
palynological data suggest that the time interval represented by the 
Olympia nonglacial interval is shorter than preyiously belieyed, with 
an older age limit between 28,000 and 35,000 years B.P. (~ansen and , 
Easterbrook, 1974; Heusser, 1972) . If this limit is correct, then 
questions arise about the age and definition of the Kitsap Formation. 
~ 
Does all or part of the Kitsap Formation belong to a pre-Olympia non-
glacial or glacial lacustrine interval, or did the Olympia nonglacial 
5 
interval extend to early Wisconsin time without interruption? The 
answers to the above questions can be determined from study of the 
stratigraphy of Kitsap County. 
The second portion of this thesis is an applied section which 
includes a surficial geology, on-site sewage feasibility map and a 
slope stability map for the county . These maps are based on field work 
in 1975, 1976, 1977, and the first quarter of 1978, and also on work 
by Sceva (1957) and Molenaar (Garling and others, 1965). 
Previous Work 
Most of the early work in the Puget Lowland, which began in the 
1890s, was spent in interpreting the overall extent of glaciation in 
the Puget Lowland and did not concentrate specifically on the Kitsap 
Peninsula. I. C. Russell (whose notes on this region were never 
published) first recognized two till sheets separated by stratified 
sand, gravel and peat along the sea cliffs of Admiralty Inlet . Bailey 
Willis (1898) named the lower deposits, consisting of till and strati-
fied material ., the Admiralty sediments and assigned the overlying sand, 
gravel and peat to the Puyallup Interglaciation. The upper till was 
named Vashon by Willis (Table I). J Harlan Bretz (.1913) extended the 
terms Admiralty and Vashon to most of the Puget Lowland and established 
a general glacial history. , 
The first soils study . for Kitsap County was published b.¥ Wildermuth 
and others (1939). An updated soi 1 survey (.Mc Murphy and Pi ngl', in press) 
has been recently completed. 
Geologic studies of Kitsap County were. made by Sceva (_1957} and 
. . 
Table 1 
Summary of Previous Stratigraphic Units in Kitsap and 
Island Counties 
Willis ·; 1898 
Bretz 1913 
Sceva 1957 Molenaar 1965 Easterbrook 1968 
{Whi~bey Island) 
Vashon Glacial- - -1- -Vashon Drift - - -1- --Vashon Drift- - - \- - Vashon Drift 
... r ... Puyallup Sand - - -1- - col VOS Sand - - - - I- -Esperance sand 
Puyallup .. .,.. ' 
Interglacial, 
', J Orting Gravel• 
'a. Upper Kitsap- -
Clay Member 
Admiralty Glacial i -b. Lower -Member -
'' ~ 
Unnamed Gravel 
- -Kitsap Formation-j- -Quadra Formation 
- Salmon Springs (? - -Possession Drift 
Drift 
'Admiralty Drift -1- _ pre-Salmon I Whidbey Formation 
· .Springs {?) 
Deposi t.s1 · -, ... _Double Bluff 
Undifferentiated Drift 
" . .__ .. 
O'I 
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Molenaar (Garling and others, 1965). Sceva 1 s (1957) geologic sequence 
(Table l) consisted of Admiralty Drift overlain by the Orting Gravel, 
which he divided into a lower member and upper, Kitsap clay member. The 
Kitsap clay member is overlain by Puyallup sand and Vashon Drift . 
Molenaar (Garling and others, 1965) drastically modified Sceva 1 s 
sequence. Molenaar 1 s sequence (Table 1) consisted of (from oldest to 
youngest) pre-Salmon Springs deposits, Salmon Springs Drift, Kitsap 
Formation, an unnamed gravel unit, and Vashon Drift . 
The Pleistocene stratigraphy developed by Easterbrook (Easterbrook 
and others, 1967; Easterbrook, 1968) on Whidbey Island is considered 
here because of correlations made between units on Whidbey Island and 
those in Kitsap County . Easterbrook 1 s geologic sequence (Table 1) 
consisted of Double Bluff Drift overlain by the interglacial Whidbey 
Formation, Possession Drift, Quadra Formation, Esperance sand, and 
Vashon Drift. 
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STRATIGRAPHY OF KITSAP COUNTY 
Introduction 
Except for several isolated exposures of Tertiary igneous and 
sedimentary rocks, the stratigraphy of Kitsap County consists almost 
entirely of glacial and interglacial deposits of the Quaternary Period . 
To make the stratigraphic sequence for the county complete, the Tertiary 
deposits have been included in this report. The lower Pleistocene 
stratigraphy for Kitsap County is believed by the author to be correla-
tive with that of Easterbrook and others (1967) on Whidbey Island. 
Evidence is presented for Double Bluff Drift, Whidbey Formation, and 
Possession Drift of Easterbrook and others (1967) extending south of 
Whidbey Island into Kitsap County. Because of the closeness of the 
northern tip of Kitsap County to Whidbey Island, stratigraphic work 
was concentrated there. A continuous stratigraphic cross-section 
around the entire northern shoreline of Kitsap County is included in 
the appendi x (Plate 5, p. 105; Plate 6, p. 119). Many of the sections 
are referred to in this report; those plates not referred to are 
included for continuity and understanding of stratigraphic relationships . 
A complete summary of the stratigraphic sequence is included (Table II) 
on the following page. 
f • 
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SUMMARY OP STRATIGRAPHIC UNITS 
I N KITSAP COUNTY 
STRATIGRAPHIC OESCRIPl'ION 
UNIT 
Alluvium Peat with dO•H silt and clay lnclud-ed and !r9C1uently saturated due to 
e.,.,,iro11111ent o! depoeitlon. 
(1) Medium to coarae-grained sand. 
(2) Pine-grained sand. silt, and 
c lay . 
Rece1111ional Deposits o! mostl y unconsolidat-
out wash ed, sand and gravel on valley 
' 
floors and in deltaic and ice 
contact deposits along valley k_ ,,_ 
t Till Gray, COllp&Ct glacial till. 
~ C011pOsitlon and compaction variable. 
"' 0 = ., 
~ 
Esper ance Gray to tan, tine to medium-grained 
sand sa.nd with thin silt lenses in 
lower part of unit, grading up-
ward into lenticular beds or 
coarae sand and granule-to-pebble 
--1 ... -v•l . 
Proglacial Pinftly bedded gray to tan 
lacustrine lacustrine ail t and clay. <lepoei ts 
Varve deposit s a r e also l nclude<I. 
Skokomish Oxidized pabbl~to-cobble gravel. 
gravel Stone• ot Olympic Mountain proven-
ance, mostly basalt. slate , 
graywacke, and sandstone. 
Interb~dded tin11-grained sand, silt, Kitsap 
Pormation etay, and peat with so .. diecon-
tlnuoua leneee or gravel. 
Oxidized sand and gravel of 
Possession northern provenance1 i n places, 
Drift silts i nterbedded with tine sand, 
silt, and peat • 
OXidiZftd gravel of oaympic ~nuntain 
provenapce with cl dates beyond 
limits o! conventional datin; 
technique• are also included. 
Whidbey I nterbedded Cine-grained Clood9laln 
Pormat ion sand, silt, cl ay, and peat. 
-
Till and glacio..,.rine drift. Till 
Double ls light to dark gray, unweat he red 
Bluff Clacio1Brine drift contains whole 
Drift shells and shell fr38ments . 
Sedimentary Steeply dipping (45° to 90°) 
Rock ot congl o•era te, sandstone, and 
Blakely Pm. shale, often fractured and jointed 
Dark, fine-gra ined basalt often 
Tertiary vesicular and amydaloi dal. Diorite 
Igneous Rock i ntrudes the basalt, is coarse-
grained, contains large pheno-
crysta, and is light gray. Gabbro 
is dark green , contai ns pl agi o-




















TERTIARY PERIOD 11 
Eocene Epoch 
Igneous Rock~ (Tv) 
Description: 
The oldest rocks exposed in Kitsap County are extrusive basalt and 
intrusive gabbro and diorite. Extensive basalt flows from fissures and 
cones erupted during the Eocene Epoch across a broad, northwest-southeast 
trending piedmont that occupied most of what is now western and south-
western Washington (Weaver, 1937). 
The basalts are mostly fine-grained, dark in color, and vesicular 
or amygdaloidal. They have been intruded by dikes and sills of gabbro 
and diorite with some alteration along contact zones. 
The diorite is coarse-grained, containing large light gray plagio-
clase phenocrysts (Figure 2). Long acicular hornblende crystals make up 
Figure 2. Coarse-grained 
diorite intrup ing gabbro 
at rock quarry west of 
Wildcat Lakel ~n sec. 3, 
T. 24N., R. 1 W •., 
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25 to 30 percent of the rock. The gabbro is dark green, medium-grained, 
and contains plagioclase and pyroxene. 
Distribution and Stratigraphic Relationships: 
Basalt flows and intrusions of diorite and gabbro make up most of 
the Green and Gold Mountain areas which lie between Bremerton and Hood 
Canal. Gabbro, with dikes of diorite, is exposed along Green Mountain 
Road to the top of Green Mountain. Based on the extensive amount of 
intrusive gabbro observed in outcrops, the gabbro may form the central 
core of the Blue Hills. Crosscutting relationships indicate that the 
gabbro intruded the basalt and was later intruded by diorite . Where 
diorite has intruded the gabbro, some mineral alteration has taken place 
near the contact zone. The rock in this zone is decomposed and can be 
broken up easily by the soft blow from a hammer (Figure 3). 
Figure 3. Coptact zone 
adjacent to intrusion of 
diorite into gabbro at 
rock quarry west of \~il d-




Volcanic rocks on the Kitsap and Olympic Peninsula in Washington 
were correlated by Weaver (1937) with volcanic rocks on Vancouver Island, 
British Columbia, which were first described and named the Metchosin 
volcanics by Clapp in 1909. Although these rocks were first assigned 
a late Mesozoic Age by Clapp (1909), they were reassigned to the Eocene 





Blakely Formation (Tb ) 
Description: 
After the volcanic and intrusive activity near the end of the 
Eocene Epoch, a thick sequence of conglomerate, sandstone , and shale 
composed mainly of volcanic detritus was deposi ted in shal l ow mar ine 
water. According to Weaver (1937 )~ the total thickness of the Blakely 
Formation in Kitsap County is more than 2550 meters and i t s base is 
not exposed. 
Much of this rock is fractured and steeply di pping (Figure 4). 
Weathering has formed residual soils on the Blakely rocks; soils are 
shown on the geologic map where their thickness is greater than one 
meter (Plate 7 in map pocket). 
Figure 4. Steeply 
di pping sedimentary 
sandstone, shale, and 
conglomerate ~f the 
Blakely Formation at 
Watauge Beach ' in sec. 9, 
T. 24 N., R. 2 E. , 
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Distribution and Stratigraphic Relationships: 
The Blakely Formation is exposed on the south end of Bainbridge 
Island, on the mainland south of Rich Passage, at Rocky Point near 
Bremerton, and on the east side of the Port Washington Narrows (Plate 
7 in the map pocket). 
The Blakely Formation is overlain by Vashon Drift with a marked 
angular unconformity; its base is not exposed. 
Age : 
The Blakely Formation was described and named by Weaver (1912) 
who later determined its age as Oligocene based on its fossil assemblage. 
A more recent study of foraminifera by Fullmer (1975) indicates the 
Blakely belongs to the Zemorian stage of the Oliogene with a small 






Double Bluff Drift (Qdb) 
Description and Lithology: 
The oldest glacial drift recognized by Easterbrook and others 
(1967; Easterbrook, 1968; Easterbrook , 1969) in the Puget Lowland 
between Seattle and British Columbia is the Double Bluff Drift. The 
' 
type section of the drift is in sea cliff exposures at Double Bluff, 
Whidbey Island, where it consists of gravel, till, sand, and glacio-
marine drift (Easterbrook and others, 1967). Eas terbrook and others 
(1967) concluded that the drift on Whidbey Island was not of great 
antiquity due to little or no weathering of pebbles in the drift and 
absence of weathering profiles at the top of ~he unit. Radiocarbon 
dates from material directly overlying the Double Bluff unit are 
beyond the limits of conventional c14 dating techniques (Easterbrook, 
1968). 
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The oldest glacial drift recognized in Kitsap County is tentatively 
correlated with the Double Bluff Drift on Whidbey Island. Thickness 
of the drift in Kitsap Couri\t ranges from several meters to a maximum 
of 30 meters. The till ranges in color from gray to dark gray and is 
mostly unweathered or only slightly oxi dized on its outer surf ace. 
Glaciomarine drift, consisting of diamictons containing shell · fragments 
or whole shells, is frequently found in the Double Bluff unit t The 
glaciomarine drift general ly directly overlies the till. At several 
localities in the county, the unit consists of up to 4.9 meters of 
' . 
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stony, deformed silty clay which Molenaar (Garling and others, 1965) 
mapped as pre-Salmon Springs undifferentiated sediments. 
In most localities in Kitsap County, Double Bluff till is very 
difficult to differentiate from the younger Vashon till. Bretz (1913) 
noted that the character of Vashon till was similar to that of older 
tills and that granites of various kinds were as common in older tills 
as in Vashon till. He concluded that there were no essential diagnostic ,, 
differences between the tills and identification must be based on 
stratigraphic relations. Fabric studies of tbe two tills show that 
till fabric has no significance in differentiating between them. 
Orientation of long axes of pebbles in Vashon till varied generally 
between N 10° to 480 W, with the majority between N 25° to 45°W. Most 
of the stones in the older till were aligned N 3o to 880 W with an 
average of N 38° W. My studies show that till fabric has no signifi-
cance in differentiating between Double Bluff and Vashon tills. 
Distribution and Stratigraphic Relationships : 
Correlation of the lower glacial drift unit found in Kitsap County 
with the Double Bluff till on Whidbey Island is based on the following 
criteria: 
1. The lowermost till in Kitsap County and the Double Bluff 
tills on Whidbey Island are overlain by a thick sequence of 
Whidbey Formation sediments . The Possession Drift lies , 
stratigraphically above the Whidbey Formation (Easte;brook 
and others, 1967) and, unlike the Double Bluff Drift, has a 
# 
very limited section of Olympia nonglacial sediments overlying 
it. The . Double Bluff and Possession Drifts are indistinguish-
able if Whidbey sediments are absent. 
t . 
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2. Both tills are dense, unweathered, gray to dark gray , contains 
clasts of the same provenance, and have associated glaciomarine 
deposits. Most known deposits of Double Bluff Drift occur 
near sea level with the base of the dr ift unexposed. However, 
since Vashon and Possession tills have similar characteristics, 
this relationship can only be used in conjunction with 
I 
stratigraphic position. 
Good exposures of the Double Bluff Drift are unconnnon in Kitsap 
County. In the southern part of the county between Point Southworth 
and Olalla (Sec. 34, T. 23 N. , R. 2 E.), Double Bluff till is exposed 
directly above the beach at several locations (Figure 5). 
Double Bluff till is exposed 1.6 kilometers south of Eglon (sec. 
11, T. 2J N., R. 1 E. ) where it reaches a thickness of 30 meters 
(Plate 5.6, p. 110). The till decreases in thickness for 0.8 kilometers 
to the south where it disappears below sea level (Figure 6AL 
Figure 5. Double Bluff till exposed at sea level 
near Anderson Po int in sec. 34, T. 23 N., R. 2 E. 
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Figure 7. Drag fold at base of Double Bluff Drift 
south of Eglon in sec. 11, T. 27 N., R. 1 E. Clay 
has been slightly overturned. 
Figure 8. Vashon till overlies 7.6 m of Vashon ~ 
advance outwash. Pebbly clay diamicton underlies 
the gravel and is believed to represent Double 
Bluff Drift. Sec. 2, T. 27 N., R. 2 E. 
2Q 
The base of the till unit at this locality is involved in a grag fold 
(Plate 5.6, p. 110; Figure 7, p. 20) with overturned clay rising 
several meters above sea level. 
Double Bluff till is also exposed just north of the Eglon public 
boat Launch (sec. 2, T. 27 N., R. 3 E.) where the overlying Vashon 
till is separated from it by 7.5 meters of silt, sand, and gravel 
(Plate 5.8, p. 114; Figure 6B, p. 19; Figure 8, p. 20) . The Double 
\ 
Bluff till at this locality contains a higher percentage of clay than 
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elsewhere in Kitsap County. The higher clay content of the till, along 
with direct exposure to wave attack, make the unit very unstable. 
Approximately 750 meters east of the pier at Indianola, a gravelly 
till believed to be Double Bluff Drift is exposed at sea level; here 
6 meters of gravel overlie one meter of lodgement till (plate 1, page 22, 
Figure 9; Figure 10, P~ 23). 
Figure 9. Double Bluff 
gravel and lodgement till 
overlain by organic tan 
silt and Vashon till in 
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Figure 10. Gravel and lodgement till underlying 
interbedded silt, sand, pebbly clay, and till-like 
strata at Indianola in sec. 14, T. 26 N., R. 2 E. 
Figure 11. Dated sample of>40,000 years B. P. (U.W. 
447) obtained from fine sand and clay exposed just above 
sea level at Indianola in sec. 15, T. 26 N., R. 2 E. 
23 
.... -" ..... ,J.sa......-1. 
24 
The surface of the till is very irregular, and gravel with till clasts 
has been deposited upon the surface . Pebbly clay and thin till-like 
strata are interbedded with lenses of sand and blQe clay. This unit 
interfingers with the lodgement till and gravel and is also thought to 
belong to the Double Bluff Drift. Although no shells or shell fragments 
have been found, much of this material is probably glaciomarine in 
origin . The only other explanation for the till-like strata is it 
represents flow till deposits . 
The basal till unit at Indianola is mapped as part of the Double 
Bluff Drift because it is thought to stratigraphically underlie non-
glacial deposits of the Whidbey Formation. Correlation of the nonglacial 
sediments to the Whidbey is based on a c14 date of >40,000 years (U. W. 
447) obtained from wood collected by the author in these sediments 
(Plate 1, p. 22; Figure 11). The stratigraphic position between the 
dated unit and the Double Bluff till, which is first exposed 500 meters 
east of the dated section, is difficult, ·however, because major land-
slides occurred during the winter of 1977 - 1978 and have completely 
covered most of the Whidbey Formation; thus a clear ly defined contact 
between the Double Bluff Drift and Whidbey Formation is not found. 
Double Bluff till, 7.6 meters thi ck observed at Foulweather Bluff 
(Plate 6.6, p. 124 ~ Figure 12; Figure 13, p. 25)_ i s overlain by two di seontin-
uous peat lenses and interbedded sand and clay . Above this, 2.8 t o 3 . 
meters of sand and oxidized pea-to-pebble-size gravel containi'ng some 
. 
diorite, granite and metamorphic rocks is thought to be Double Bluff 
recessional outwash. A diamicton containing whole shell s and ~ hell 
' . 
Figure 12. Expos ure of 7.6 m of Double 
Bluff till at Foulweather Bluff in sec. 
12, T. 28 N. , R. E. 
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Figure 14. Pebbly clay 
diamicton containing 
whole shells and shell 
fragments at Foulweather 
Bluff in sec. 12, T. 28 N. 
R. 1 E. 
fragments (Figure 14) overlies Double Bluff till approximately 60 meters 
to the east of the Foulweather Bluff exposure discussed above. Bretz 
(1913, p. 181) li sted a number of marine organisms found within this 
unit (Plate 6.6, p. 124) . Dr. Dall (Bretz, 1913), who identified the 
fossils, stated that all species found were living at present in the 
coldest waters of Puget Sound, and thence northward to the Arctic . , 
Easterbrook (Easterbrook and others, 1967; Easterbrook, 1968) described 
similar glaciomarine drift in the same stratigraphic position at the ,, 
Double Bluff type locality on Whidbey Island. Therefore, the Kitsap 
County unit is included here as part of the Double Bluff Drift. 
: . 
Whole shells and shell fragments within stony clay diamictons at 
I 
several other locations along the shorelines of Kitsap County are 
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thought to be the same age as the Double Bluff Drift, but definite proof 
is lacking. Stony clay diamicton with shells are found one kilometer 
south of Foulweather Bluff near Twin Spits (sec . 12, T. 28 N., R. l E.); 
on the east side of Port Gamble Bay south of Little Boston (sec. 8 and 
17, T. 27 N., R. 2 E) (Plate 6.16, p. 134; Plate 6.1 ~ , p. 136) ; and on 
the west side of Port Gamble Bay (sec. 8, T. 27 N., R. 2 E.). Pelecypod, 
gastropod, and cirriped (barnacle) fossils are found in pebbly glacio-
marine silt and till-like deposits at Rolling Bay and at Fletcher Bay on 
Bainbridge Island (M. Smith, oral communication, 1978) (Figure 15) . At 
Rolling Bay the diamicton is deformed. This diamicton was mapped by 
Molenaar (Garling and others, 1965) as pre-Salmon Springs undifferen-
tiated deposits but is included here as part of the Double Bluff Drift. 
' . 
Figure 15. Pebbly clay diamicton cont aining shell 
fragments of pelecypod, gastropod, and cirriped 
organisms found north of Rolling Bay in sec . 2, 
T. 25 N. , R. 2 E. 
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Neither Molenaar (Garling and others, 1965) nor Sceva (1957) recognized 
glaciomarine deposits in their Salmon Springs Drift or Admiralty Drift, 
respectively. 
A glaciomarine drift containing small fragments of marine shells 
is exposed in the low sea cliff at Skunk Bay (sec. 18, T. 28 N., R. 2 E. ), 
southeast of Foulweather Bluff. These and similar deposits at Foulweather 
Bluff are considered to be the same age as the Double Bluff Drift. A 
glaciomarine deposit at Possession Point on Whidbey Island underlies 
Double Bluff till, and is similar in thickness, grain size, and color to 
the deposit at Skunk Bay (Figure 16). 
Figure 16. Double Bluff 
lodgement till underlain 
by glaciomarine deposit 
which is similar to deposit 
at Skunk Bay. This is at 
Possession Poi~t, Whidbey 
Island in sec J 20, T. 28 N., 
R. 3 E. 
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Very weathered, pea-to-pebble-size gravel one meter thick is 
exposed near Point Washington Narrows (sec. 14, T. 24 N., R. 1 E.) 
This gravel was described by Bretz (1913) as probably Admiralty and 
may correspond to the Doubl~ Bluff Drift of Easterbrook and others 
(1967) or it may be older . The gravel is so decayed that metamorphic 
and igneous pebbles could be·carved with a.knife and disintegrated 
when struck by a hammer.. Pebbles are so heavily coated with iron 
oxide stain that distinguishing lithologies is impossible. , 
Ox1dized gravel up to 12 meters thick, believed to be Double 
Bluff, dips southeast just northwest of the Manette Bridge (sec. _13, 
T. 24 N., R. 1 E.). It contains quartz, diorite, and granitic pebbles, 
many of them flat (Figure 17) and fine-grained, stratified sand clasts. 
Figure 17. Extensive oxidized gravel consisting of 
abundant flat stones on west side of Port Washington 
Narrows below Manette Bridge in sec. 13, T. 24 N., R. 
1 E. 
Figure 18. Highly deformed pebbly clay diamicton 
south of Southworth in sec. 1, T. 23 N., R. 2 E. 
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A highly deformed, pebbly, massive blue-gray clay (Figure 18), 
exposed near sea level at Southworth has been included as Double Bluff. 
This was previously mapped by Sceva (1957) as Admiralty Drift, whereas 
Molenaar (Garling -and others, 1965) mapped it as part of his pre-Salmon 
Springs deposit undifferentiated. Sceva attributed the deformation to 
overriding of the sediments by the Vashon glacier. 
Pebbly massive blue-gray clay with some interbedded sand is 
exposed to a maximum of one meter above sea level south of Fragaria 
and at several locations south of Command Point. , The pebbly clay is 
believed to correlate with the deformed pebbly clay at Southw~rth and 
was most likely a glaciomarine deposit laid down in advance of the ice 
, 
that deposited the Double Bluff, and then deformed by subsequent over-
riding by this glacier. 
f • 
Age and Correlation: 
All radiocarbon dates from Double Bluff Drift and the Whidbey 
Formation have been beyond the l imits of conventional c14 dating. 
31 . 
Although the age of the Double Bluff is uncertain, two possible 
correlations have been suggested by Easterbrook (1969) with glacial 
units in the southern Puget Lowland: (1) with the lower of two tills 
of the Salmon Springs Glaciation (Figure 19A), or (2) within an older 
drift, perhaps belonging to the Stuck Glaciation (Figure 19B). 
At the type locality of the Salmon Springs in the southern Puget 
Lowland, Stuiver and others (1978) c14 dated peat within 0.7 to 1.4 
meters of nonglacial sediments interbedded between the upper and lower 
Salmon Springs Drift at 71,500 ~~~~~years B.P .. If Possession and 
Double Bluff Drifts correlate with the upper and lower Sa lmon Springs 
Drift, the Whidbey would correlate with the nonglacial sediments 
interbedded between the two drifts at Salmon Springs. If this inter-
pretation is correct, ice advanced into the Puget Lowland and retreated 
sometime prior to 71 ,500 years ago, thus correlating with an early 
Wisconsin or older glaciation. A nonglacial interval followed the 
early Salmon Springs Glaciation, allowing deposition of the intertill 
sed iments . Readvance of Cordilleran ice took place sometime after 
71 ,500 years ago; the ice retreated from the Puget Lowland between 
28,000 and 35 ,000 years ago (Hansen & Easterbrook , 1974) . 
Several weaknesses l ie with this first interpretation: ' 
1. There is a substantial difference in thickness of deposits 
representing the nongl acial interval between the Whi~bey 
Island and the Salmon Spri ngs localities. Approximately 90 
Whidbey Island 
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33 
meters of nonglacial sediment of the Whidbey Formation are 
exposed on Whidbey Island, whereas only 1.4 meters of non~ 
glacial deposits are found interbedded between the two tills 
at Salmon Springs. 
2. Nonglacial sediments are known to lie between the two tills 
of the Salmon Springs Glaciation near Sumner in the southeast 
Puget Lowland; pollen analysis from peat at that locality, 
although not conclusive, does not indicate any substantial 
interglacial interval within the Salmon Springs Drift 
(Easterbrook, 196~). 
3. Evidence for a till in Kitsap County corresponding to Posses-
sion Drift on Whidbey Island and upper Salmon Spri.ngs Drift 
in the southern Puget Lowland is very s ketchy. T~e only till 
that may represent this stratigraphic position is near Maple-
wood where an oxidized till of pre-Vashon age lies below a 
peat dateo at>42,000 years B.P. (W-2028) (Marsters and others, 
1969) CTable V, p. 591. 
According to the second interpretation, the Double Bluff Drift may 
be correlative with the Stuck Drift (Easterbroo k, 19691 and the 
interglacial Whidbey Formation may be correlative with the Puyallup 
Formation in the southeastern Puget Lowland. The upper and lower drifts 
at Salmon Springs may correspond to the Possession Drift on W~idbey 
Island. Much of the basis for correlating Double Bluff Drift
1
with the 
Stuck Glaciation lies in similarities between the interglacial Whidbey , 
and Puyallup Formations (Easterbrook, 1969). 
' . 
Whidbey Fonnation 
Description and Lithology: 
The Whidbey Fonnation is named from deposits between Double Bluff 
and West Useless Bay on Whidbey Island (Easterbrook and others, 1967) . 
It consists of horizontally stratified clay, silt, pea~, sand and 
scattered lenses of gravel (Easterbrook and others, 1967). At its 
type locality and at many other sea cliff exposures, the Whidbey 
Formation lies upon Double Bluff Drift and is overlain by Esperance 
sand, but at several localities on Whidbey Island the Possession Drift 
lies between the Whidbey and Esperance (Easterbrook, 1969) . Near the 
type locality, the Whidbey Fonnation is at least 60 meters thick 
(Easterbrook and others, 1967). According to Easterbrook and others 
(1967), the Whidbey Fonnation represents a nonglacial, floodplain 
deposit during a long interval in which glacial ice was absent from the 
Puget Lowland. Pollen analysis from peat in the Whidbey sediments 
suggests an interglacial climate that resembles that of the present. 
The Whidbey Formation in Kitsap County consists of interbedded 
sand, silt, clay, and peat. Thin lenses of coarser sand and gravel 
are occasionally associated with the interbedded sediments. Maximum 
thickness of the Whidbey Formation in Kitsap County is 30 meters. The 
unit overlies glacial drift correlative with the Double Bluff Drift on 
Whidbey Island and is overlain mostly by Vashon Drift. The WVidbey 
Formation in Kitsap County represents a pre-Ol ympia interglacial flood-
plain that has been highly dissected by subsequent overriding , by glaciers 
and by stream erosion. 
f • 
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Distribution and Stratigraphic Relationships: 
The fine-grained floodplain deposits of the Whidbey Formation in 
Kitsap County have radiocarbon dates beyond the limits of conventional 
laboratory methods and are located at higher elevations than adjacent 
floodplain deposits of the Olympia nonglacial interval. This suggests 
that the Whidbey floodplain was extensively eroded, possibly by subse-
quent overriding during the Possession Glaciation, prior to deposition 
of the Olympia floodplain sediments which are unconformable upon this 
irregular surface. The lower contact of the Whidbey Formation lies 
unconformably upon the underlying Double Bluff Drift. Sediments of the 
Whidbey Formation in Kitsap County are, therefore, distinguished from 
similar Olympia nonglacial fine-grained sediments on the basis of the 
following criteria: (1) deposits yielding finite c14 dates are mapped 
as Olympia; (2) deposits beyond the range of conventional c14 dating 
techniques are mapped as. Whidbey; (3) nonglacial sediments overlain 
by Possession Drift are mapped as Whidbey, based on stratigraphic 
position. 
Exposures of the Whidbey Formation occur in a number of locations 
along the Kitsap Peninsula shoreline. South of Eglon, Whidbey sediments 
lie unconformably upon Double Bluff Drift and are overlain unconformably 
by proglacial lake sediments of Vashon Drift (Plate 5. 6, p. 110; Figure 6A, 
p. 19). The Whidbey sediments consist of massive sand with thin lenses . . 
of gravel, laminated clay, peat, and interbedded gritty clay ! nd sand. 
A date of >43,000 years B.P. in the Whidbey Formation (W-1578; Ives and 
, 
others, 1967, p. 519) was obtained by Crandell from wood in the upper 15 
meters of sand lying beneath proglacial clay and Esperance sand. Another 
c14 date of·>40,000 (I-10,375) was obtained in the same unit from a woody 
' . 
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peat sample collected by the author. The dated peat underlies l aminated 
clay and sand from which the>43,000 year date was obtained. The 
differences in c14 dates result from interference caused by background 
radiation at different laboratories . Because of the age, the author 
has mapped these sediments as Whidbey, although some of these sands 
could possibly be part of the Possession Drift. 
Two other dated sections from the Whidbey Formation are found near 
Indianola (sec. 14, T. 26 N., R. 2 E.) (Plate l, p. 22; Figure 11 , P~ 23;figure 
20l and Fragaria (S.E. ~. S.W. ~.sec. 22, T. 23 N., R. 2 E.) Figure 
22A. The c14 date of >40,000 years B.P . (U.W.-447) was obtained from 
wood (Figure 20) 0.5 meters above the beach at Indianola, in a tan, 
fine-grained sand. The dated unit is overlain by an unknown thickness 
of light gray silt. Approximately 400 meters east of the dated location 
is an exposure similar to the dated unit but without the light gray 
si lt above it. Fine-grained sand and silt also overlie Double Bluff 
Drift farther east at Indianola (Figure 21). The nonglacial sediments 
at all three locations are believed to be correlative with the Whidbey 
Formation because of the c14 date and because they overlie Double Bluff 
till. 
Along Fragaria Road near Fragaria, 22 meters of massive bedded 
clay containing two peat beds are overlain unconformably by Vashon 
Drift sand and gravel with the basal contact at this location unexposed . 
• 
The upper peat is 0.6 to 0.76 meters thick; the l ower peat is ~ .Oto 1.4 
meters thick (Figure 22A). A c14 date of~40,000 years B.P. (U.W.-450) 
was obtained from wood at t he surface of the upper peat. 
, 
Bretz (1913, 
p. 180) and Sceva (1957, p. 18) both describe this section in t hei r 
reports. Bretz thought the peat was part of the Admiralty Drift . . 
{ 
Figure 20. Dated sample (u .W.-447} 
obt"a inea j 'Ust below rock hammer in 
dense, fine-g rained sand at Indianola 
sect ion in sec. 15, T. 26 N. , R. 2 E. 
-~--.-~ -- . - - --.-
Figure 21. Nonglacial thinly 
bedded sand and silt separates 
overlyi ng Vashon t i ll from lower 
Double Bluff Drift near Indianola 
in sec. 14, T. 26 N., R. 2 E. w 
......... 
Figure 22 Two stratigraphic sections showing relationship of the Whidbey and Kitsap Formations 
to the Double Bluff{?), Possession{?),and Vashon Drift at Fragaria (sec.22 T.23N..,R.2E.) and S.6km 
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Conclusive evidence is lacking as to whether certain exposures of 
nonglacial floodplain sediments in Kitsap County belong to the Whidbey 
Formation or to the Olympia . The stratigraphic relationship of the 
nonglacial sediments with pre-Vashon glacial sediments found close by, 
however, appears to place the floodplain deposits below the glacial 
unit; therefore, the nonglacial sediments are considered to be part of 
the Whidbey Formation or older and have been tentatively mapped as 
Whidbey sediments. 
Nonglacial floodplain deposits which probably belong to the Whidbey 
Formation are exposed in a sea cliff along Rolling Bay (sec. 11, T. 25 N., 
R. 2 E.) and south of Murden Cove (sec. 23, T. 25 N., R. 2 E.) on Bain-
bridge Island. A c14 date of>40,000 years B.P. (U.W.-449) from oxidized 
gravel at Miller Road gravel pit, Bainbridge Island, is believed to 
indicate correlation with oxidized gravel exposed in the sea cliff less 
than 0.5 kilometers north of the Rolling Bay exposure. The gravel thus 
represents Possession Drift or an older drift and, although the gravel 
pinches out to the south, it is believed to lie stratigraphically above 
the floodplain deposits. The nonglacial sediments at Rolling Bay are 
believed to be the lateral equivalent of the fine-grained sediments at 
Murden Cove. Therefore, both nonglacial exposures are mapped tentatively 
as part of the Whidbey Formation. 
lnterbedded fine-grained, stratified sand, silt, and lamiJ)ated 
clay, (Figure 231 thought to be part of the Whidbey Formation l re exposed 
near Anderson Coye (sec. 8 and 17, T. 24 N., R. 2 W.1. These were 
# 
previously mapped as Kitsap Formation by Molenaar (Garling and others, 
1965) . The author disagrees with Molenaar's correlation for the following 
' . 
. . 
Figure 23. Interbedded silt and fine sand found in 
nonglacial deposit of Whidbey Fm. near Holly in sec . 
17, T. 24 N. , R. 2 W. 
Figure 24. Thick unit of dense peat exposed above 
sea level . on south si de of Port Washington Narrows 
in sec. 11 , T. 24 N. , R. l E. 
40 
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reason: Dense contorted clay, adjacent to the nonglacial sediments, 
was mapped as Colvos sand by Molenaar (Garling and others, 1965), but 
it appears to correspond to Possession Drift or an older drift as it 
lies at an elevation which would place the clay stratigraphically above 
the fine-grained deposits at Anderson Cove; therefore, the Anderson 
Cove unit is thought to ~orresppnd to the Whidbey Formation. 
Floodplain sediments are exposed in a sea cliff along Port 
Washington Narrows 2.4 kilometers northwest of the Warren Avenue Bridge 
in west Bremerton . Clay, si.lt, and sand overlying 1. 2 meters of peat 
(Figure 24) are believed to be of the Whidbey Formation because they 
are laterally equivalent with interbedded peat and clay that overlie 
weathered till previously discussed under Double Bluff Drift (page 29) 
and are stratigraphically overlain by oxidized gravel that may be corre-
lative with Possession Drift. Although a c14 date has not been obtained 
in this particular peat, radiocarbon dates in peat units of equivalent 
thickness at Fragaria (Figure 22A, p. 38 ; Table 3, p. 44) and Southworth 
(Table 3, p. 44) have all been beyond the limits of conventional l abora-
tory methods. In addition, peat deposits greater than 0.3 meters in 
Olympiu nong1acia1 sediments have not been found. Thus, the peat and 
fine-grained sediments are included as part of the Whidbey Formation. 
Several good exposures of fairly dense, laminated to .massive clay 
occur west of Hansville (N . E. ~ . sec. 17, T. 28 N., R. 2 E.). The clay • 
lies on an irregular surface of finely bedded, oxidized sand ~hi ch is 
. 
locally cross-bedded and, in some cases, contains a small percentage of 
; 
pebble-size, granitic stones . The sand unit is probably correlative 
with a similar sand at Foulweather Bluff . A gravel unit, consisting of 
. . 
QUATERNARY GEOLOGY AND STRATIGRAPHY 
OF KITSAP COUNTY, WASHINGTON 
INTRODUCTION 
Since investigations of Pleistocene geology in the Puget Lowland 
began near the turn of the century, names for various glacial and non-
glacial deposits have been changed and new names added. New information 
on Pleistocene geology in the Lowland is now available from radiocarbon 
dates, pollen analysis, petrologic-mineralogic studies, stratigraphic 
correlations, relative sea level changes, and geologic mapping. This 
study of Kitsap County geology incorporates new data for use in corre-
lating stratigraphic units with those of adjacent areas in the Puget 
Lowland. 
Location and Geologic Setting 
The study area (Figure 1) includes all of Kitsap County. Seven-
teen 7~ minute U. S. Geological Survey topographic Quadrangle maps 
(Figure 1) were used as base maps for geologic mapping and for prepara-
tion of slope stability maps . 
Kitsap County occupies the northern portion of the Kitsap Peninsula, 
Bainbridge Island, and Blake Island (Figure 1). The county l~es within , 
a long north-south trending structural and topographic lowland, bordered 
by the Cascade Mountains on the east and the Olympic Mountains on the 
~ 
west. Marine waters surround the county on three sides: Hood Canal 
to the west, Admiralty Inlet to the north, and Puget Sound and Colvos 
' . 
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coarse sand and slightly oxidized pebble- to-cobble-size stones, 
truncates the underlying laminated to ·massive clay (Plate 6.1, p. 105; 
Plate 6.2, p. 106) . The gravel grades upward into stratified, medium-
to coarse-grained sand. Granitic and metamorphic pebbles are dominant 
in the gravel. At least 2.7 meters of thinly laminated clay overlies 
the gravel and sand. The gravel is believed to represent recessional 
outwash of the Possession Drift with the overlying laminated clay 
deposited during the Olympia nonglacial period. The underlying clay 
and sand are, therefore, considered part of the Whidbey Formation. 
The lower finely-bedded sand and clay unit described above is 
also exposed at Foulweather Bluff (N . E .~ , sec . 12, T. 28 N. , R. 2 E.) 
where horizontally bedded sand and clay rests unconformably upon 
oxidized gravel of northern provenance. The gravel, which overlies 
till, is mapped as Double Bluff Drift . A thick sequence of medium-
grained sand overlies the sand and clay unit. At present, the lateral 
equivalents of this thick sand unit are not known. 
Many other exposures in Kitsap County may correspond to the Whidbey 
Formation, but because adequate sections, good contacts, and absolute 
dates are lacking, these units cannot be demonstrated to be part of the 
Whidbey. In cases where relative age cannot be determined, the units 
are mapped as undifferentiated .nonglacial sediment (_Qns). 
Age: , 
Radiocarbon dates from the Whidbey sediments are all beyond the 
limits of conventional c14 ·dating. Dates obtained from Whidbe~ sediments 
in Kitsap County are listed in Table ,J (p. 44), and sample localities 
are shown in Figure 25 (p. 44). Easterbrook (_1968; 1969). believes the 
43 
Whidbey Formation may correlate with the Puyallup Formation, and that 
both were probably deposited during the Sangamon Interglaciation which 
















>4J,OOO years B.P. 
(W-1578) 
>40,000 years B.P. 
(I-10,J75) 
> 40,000 yea.rs B.P. 
(U.111.-447) 
>40,000 rears B.P. 
(WW-39 
>40,000 yea.rs B.P . 
(U.W.-450) 
Table J 
c14 DATES PROM THI!! WHIDBEr POIUIATION 
IN KITSAP COUNTY 
Location 
Eglon, Wash. 
S.111. t, N.E. t, seQ. 11, 
T. 27 H., ~· 2 E. 
Latitudes 47 60' 50• If. 
Longitudes 122 JO' 20• w. 
Eglon, Wash. 
s.w. t. N.E. i. sec. 11, 
T. 27 M., R. 2 E. 
Latitude r 47° 50' 50• M. 
Longituder 1220 JO' 20• w. 
Indianola, Wash. 
S . E. t, N.E. t, sec. 15, 
T. 26 N., R. 2 E. 
Latitude1 47° 41' 49• N. 
Longitude• 122° Jl' 10• w. 
Southworth, Wash. 
N.E. t, sec. 11, T. 24 N. , 
R. 2 E. 
Latituder 47° 30• J5• H. 
Longitude1 122 JO' 25" w. 
PraPfia, \'la&~. 
S.E. ~ · s.w. •• sec. 22, 
T. 2J If,, R. 2 E. 
Latitude1 4?0 27' 41" N. 
Longitude• 122° J l ' 10" w. 
~ 
Sample from wood submitted by 
Crandell and thought to be from 
Olympia nonglacial interval. 1 
believed by the author to be 
Whidbey in age due to !$rati-
graphic position and C date. 
Re!erence1 Ives and others, 
1967. 
Woody peat lying below a lam-
ina ted clay. The clay underlies 
massive tan sand and overlain 
by proglacial clay and 
Esperance sand. 
Wood collected from 2.5 m or 
thick, dark gray sand Ot5 m 
above beach. Overlain by light 
gray silt with Vashon t i ll at 
top. · 
Collected by O.J, Easterbrook 
and M. Smith. Previousl~ dated 
at )4,000 {W-14J7) by Crandell 
and Waldron (Levin and others, 
1966) . They described this as 
peat within !luvial and lacUS·· 
trine silt, sand, and gravel 
of Olympia age. The author 
aoes not concur but believes 
thiSt'Ob-i'ihidbey Form8::ti-;;-;, 
because of c1~ date and 
stratigraphic position. 
Upper of two peat beds inter-




Description and Lithology: 
Possession Drift described by Easterbrook and others (1967) on 
Whidbey Island consists of compact sandy till, sand and gravel, and till-
like stony clay often containing marine shells and shell fragments. In 
places the till contains many lenses of sand and gravel. The type 
locality of the Possession Drift is the sea cliff at Possession Point 
at the southernmost tip of Whidbey Island (Easterbrook and others, 1967). 
Possession Drift is composed here of compact gray till, 24 meters thick 
at its maximum in the eastern part of the bluffs but thins and wedges 
out to the west (Easterbrook and others, 1967). Outcrops of the drift 
are discontinuous and relatively rare. Possession Drift generally lies 
on the Whidbey Formation and is overlain in most places by Vashon Drift 
(Easterbrook, 1969). 
No deposits in Kitsap County can be positively demonstrated as 
correlative with Possession Drift and only tentative correlations are 
made. However, if deposition by Possession ice reached the southern tip 
of Whidbey Island, only 6.4 kilometers from the Kitsap Peninsula, the 
glacier very likely also occupied at least part of Kitsap County . 
Oxidized sand and gravel found in the southern part of Kitsap 
County between Olalla and Maplewood may correlate with Possession Drift; 
this gravel was described initially by Sceva (1957) as the low-er member , 
of the Orting gravel, and consists of stratified buff-stained .or orange-
colored sand and gravel (Figure 26) and some peat and clay (Figure 27). , 
Gravel clasts from deltaic deposits sampled at Maplewood and approximately 
' . 
Figure 26. Oxidized 
near Maplewood. 
46 
of Possession (?) Drift 
Figure 27. Peat and 
clay within gravel of 
Possession(?) Drift 
near Maplewood . 
, 
Figure 28. Foreset beds in deltaic sand and gravel 
northwest of Olalla believed to be Possession(?) 
outwash. Sec. 3, T. 23 N., R. 2 E. 
47 
250 meters northwest of Olalla (Figure 28), consist almost entirely of 
porphyritic andesite, quartz diorite, and some quartz . Molenaar 
(Garling and others, 1965) mapped the gravel as Salmon Springs Drift 
and indicated that the sediments were derived from granitic and meta-
morphic rocks, signifying an origin in the northern Cascades of 
Washington and British. Columbia. 
Oxidized gravel, mapped ·fo Kitsap Cq_unty as Possess·ion Drift or an 
older deposit (refer to age of Possession, p. 581, is found at University 
Point and several localities on Bainbridge Island wnere it consists of 
pea-to-pebble-size gravel, fine-grained sand, with. thin lense~ of 
silt, and peat. The gravel is believed to be of Olympic Mount~in origin, 
based on pebble counts of the gravel and on clast imbrication which 
indicate a direction of flow from west to east (Figure. 29.).. 
Figure 29. Imbrication in gravel derived from the 
Olympic Mountains (direction of flow west to east ) , 
University Point in sec. 19, T. 25N., R. 2 E. 
Distribution and Stratigraphic Relationship: 
48 
Gravel deposits believed to be Possession Drift are exposed in a 
bluff near Maplewood (sec . 16, T. 22N . , R. 2 E), are overlain by 
interbedded clay, silt, and fine-grained sand of the Kitsap Fonnation 
(Garling and others, 1965). The base of these gravel deposits is not 
exposed. 
At Olalla oxidized gravel with steeply dipping foreset beds 
(Figure 28) is believed to represent deltaic deposits . Molenapr 
(Garling and others, 1965) mapped the gravel as part of the sa'1mon 
Springs Drift and believed an unconfonnity separated the drift from 
• 
the Esperance sand directly overlying his Salmon Springs strata. I 
concur with Molenaar's interpretation. 
49 
Oxidized gravel and interbedded clay and peat are exposed in a 
bluff at University Point (sec. 19, T. 25 N., R. 2 E.) (Figure 29; 
Fugure 30; Plate 2, p. 51). Peat from University Point (Plate 2) was 
collected by Crandell and Waldron and dated at>38,000 B.P. (W-1459) 
(Levin and others, 1966) (Table 5, p. 59}. Crandell (Levin and others, 
1966) believed these lacustrine and fluvial sediments were deposited 
during the last major interglaciation. The sand and gravel in this 
unit, consisting of reworked b~saltic sandstone, vein quartz, and 
graywacke with very few granitic rocks, was thought by Crandell (Levin 
and others, 1966) to have an Olympic Mountain origin. Imbrication of 
stones in the gravel unit at the base of the University Point exposure 
shows an orientation of N. 85° E., suggesting that the gravel was 
deposited by streams whose source was to the west. Part of Crandell 's 
interpretation agrees with mine. That the deposit is nonglacial, seems 
unlikely in view of the difficulty in explaining how gravel as coarse 
' ' 
Figure 30. Interbedded clay and peat within t hi ck 
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51 
as those found at University Point and on Bainbridge Island could be 
deposited on a floodplain 18 to 20 kilometers from the Olympic Mountains. 
A gravel deposit known to be at least as old as the Possession 
Drift, based on c14 dates, is exposed in a gravel pit east of Miller 
Road on Bainbridge Island (S.E. ~ , N.E. ~. sec. 9, T. 25 N., R. 2 E.). 
The deposit consists of more than 26 meters of gravel, interbedded sand, 
peat, and clay overlain by Vashon till (Plate 3). A radiocarbon date 
of >40,000 years B.P. (U.W.-449) from the base of a peat (Plate 3; 
Figure 31, p. 53; Table 5, p. 54) indicates that this deposit is pre-
Fraser and, therefore, is neither an advance Vashon deposit, as it was 
previously considered by Molenaar (Garling and others, 1965) , nor a 
recessional outwash deposit as it was mapped by Sceva (1957). 
Pebble counts were made at two locations (Plate 3) in the pit to 
determine whether gravels represented a British Columbian or Olympic 
Mountain provenance. According to the Geologic Survey of Canada, 1959, 
map 1069A and Easterbrook (1963), lithologies found in the Coast 
Mountains of British Columbia consist of granitic plutonic rocks, such 
as granite, granodiorite, quartz diorite, and diorite with associated 
schists and gneisses . Rocks from the Cascade Mountains of British 
Columbia consist of andesite, basalt, quartzite, chert, and graywacke, 
in addition to granite. 
The samples were collected at different elevations in the. pit to 
determine whether a change occurred in rock assemblage within ~he 
section. Each sample was from a 0.3 meter area. Three hundred forty-
• 
five stones were identified by hand lens from each sample location, and 
rock type percentages determined . Pebbles that could not be identified 
C
l 
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Two measured stratigraphic sect ions from county 
gravel pit at Mill er Road Bainbridge Island 
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by hand lens were sent to the Department of Natural Resources, Geology 
Division, in Olympia, where identification was made by binocular 
microscope. 











PEBBLE COUNTS FOR MILLER ROAD GRAVEL PIT 
Li tho 1 ogi es from Sample Sample I Sampl e II 
(345 pebbles) (345 pebbles) 
Graywacke* 85% 82.0% 
Vein quartz 10% 0.4% 
Quartz diorite 5.0% 
Porphytitic andesite 3.1 % 
Epidote 0.2% 
Meta sediment 2.2% 
Reworked basaltic sandstone 2% 2.0% 
Unidentified 3% 1. 5% 
Granite < 1.0% 
*Samples underlined indicate a British Columbia 
Provenance while remaining lithogies are Olympic 
Mountain provenance except fo r graywacke which 
is found in both Olympic Mountain and British 
Columbia provenances. 
Sample I (Figure 31) contained a high percentage of graywacke, vein 
quartz, and some reworked basaltic sandstone . Sample II also 
. 
contained a high percentage of graywacke with minor amounts of quartz 
diorite, porphyritic andesite, meta sediments, vein quartz, a n~ epidote. 
Both samples were essentially void of granitic cl asts ( < 1%). · Sample I 
contains a rock assemblage which is representative of rock typ~s found in 
the Olympic Mountains (Tabor, 1975; Kurt Othberg, ora l communication, 
1978) while Sample II, obtained at the base of the gravel deposit, 
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Figure 32. Location of 
Sample I pebble count in 
gravel of Olympic Mountain 
provenance at Miller Road 
gravel pit in sec. 9, T. 
25 N. , R. 2 E. 
contains rock types found in the Olympic Mountains, northern Cascades, 
and Coast Range. The northern provenance rocks (quartz diorite, por-
phyritic andesite, and granite) are found in decreasing amounts upward 
in the section and, most likely represent reworked gravel of a previous 
glaciation. The gravel also decreases in size upward from pea-to-pebble--
size with a corresponding decrease in grain size in the matrix, indica-
ting a decrease in depositional energy. The gravels were probably , 
deposited by meltwater streams issuing forth from alpine glacier s in 
the Olympics which, at times, extended across Hood Canal and into Kitsap 
County (Molenaar and Noble, 1970). A glacial, rather than nonglacial 
origin, for the gravel deposit is proposed both because of difficul t ies 
56 
in explaining alpine glaciers advancing from the Olympic Mountains across 
Hood Canal during an interglaciation and also because the nature of 
coarse gravel deposits in the lowland on an interglacial floodplain is 
difficult to explain especially when present day streams do not carry 
anything as coarse as these deposits. Crandell (1964; 1965) indicates 
that three major alpine glaciations occurred in the Olympic Mountains in 
late Pleistocene time and it is believed that the gravel deposits at 
University Point and Bainbridge Island may correspond with one or more 
of these. 
Other gravel deposits believed by the author to be correlative 
with those in the measured section at Miller Bay and with the University 
Point section are found at: (1) Fletcher Bay (sec. 20, T. 25 N. , R. 2 E. ) 
(Figure 33); (2) an abandoned gravel pit off of Highway 305 (sec. 4, T. 
25 N., R. 2 E.) (Figure 34); and (3) north of Rolling Bay 1. 6 kilometers 
(sec. 2, T. 25 N., R. 2 E.) (Figure 35). Deposits at each of these 
Figure 33. Peat and clay interbedded in gravel 
believed to be of Olympic Mountain derivation at 
Fletcher Bay in sec. 20, T. 25 N., R. 2 E. 
....... v 
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Figure 34. Slightly 
oxidized pea-to-pebble-
size gravel of Olympic 
Mountain derivation in 
gravel pit south of 
Hidden Cove, Bainbridge 
Island in sec . 9, T. 
25 N., R. 2 E . 
Figure 35. Interbedded clay and peat within thick 
gravel deposit north of Rolling Bay. Sediments 
thought to be Possession Drift or older, and to 
correlate with gravel} clay, and peat at University 
Point in sec. 2, T. 25 N. , R. 2 E. 
58 
consist of slightly oxidized pea-to-pebble-size gravel (Figure 34) with 
thin lenses of silt and fine sand. The gravel deposits contain rock 
I 
types found in the Olympic Mountains, consisting of vein quartz, reworked 
basaltic sandstone, epidote, graywacke, and less than 1% granitic clasts. 
Age and Correlation: 
According to Easterbrook (1969), the Possession Drift represents a 
post-Sangamon glaciation in the Puget Lowland that is correlative with 
the Salmon Springs Glaciation in the southern Puget Lowland. Hansen and 
+ 3000 Easterbrook (1974) report that a date of 47,600 _ 1000 years B.P. was 
obtained from the older of two peats in the Possession Drift and that a 
+ 3000 date of 34,900 _ 2000 years B.P. (I-1880) was obtained from the younger 
peat. 
At the type locality of the Salmon Springs Glaciation, peat inter-
bedded between the upper and lower tills was radiocarbon dated at 
50,000 ±400 years B.P. (Crandell and others, 1958). The most recent 
date obtained from the same unit by Stuiver and others (1978) was 
+ 1700 71 ,500 _ 1400 years B.P .. The latter date makes the correlation between 
the lower Salmon Springs Drift and Possession Drift somewhat less likely 
but does not completely rule such a correlation out. c14 dates and 
dated sample locations from Possession Drift are referred to in Table 5 
and Figure 36 on the following page. 
, 
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Pigure 38. c14 dates and sample locations in Possession Drift. 
Date and 
Sample Number 
> 40.000 years B.P. 
(WW ) 
>42, 000 years B.P. 
(W-1982) 
> J8 ,000 years B.P. 
(W-15 15) 
:> 42,000 years B.P. 
(W-2028) 
> 40,000 years B.P. 
(U.W . -449) 
> J8, ooo years B.P. 
(W-1459 ) 
1'able 5 
c14 DATES PROM POSSESSION DRIFT (?) 
.IN KITSAP COUNTY 
Location 
Maplewood, Wash. 
N.E. t. S.E. t. sec. 9, 
T. 22 N., R. 2 E. 
Latitudes 470 24' 4o~ N. 
Longitude• 1220 JJ' W. 
Maplewood; Wash. 
N.W. t. S.E. t, sec. 16, 
T. 22 N., R. 2 E. 
Lati tudes 470 2J' 45" N. 
Longitudes 1220 JJ' 11. 
Maplewood, Wash. 
N.E. t. N.E. t. sec. 21, 
·r . 22 N • • R • 2 E. 
Latitudes 470 2J' 15" N. 
Longitude• 1220 JJ ' w. 
Maplewood, Wash. 
N .E . t. N .• E. t. sec. 21, 
T. 22 N. , R. 2 E. 
Latitude: 47° 2J' 15" N. 
Longitude• 1220 JJ' w. 
rHller Road gravel pit, 
Bainbridge Island, 
Wash. 
S.E. t. N.E. t. sec. 9 , 
r. 25 N., R. 2 E. 
Latitude• 47° 40' 17" N. 
Longil:ude 1 1220 J2 ' 47" W. 
University Point , 11ash. 
s. •.-i. t. S.E. t. sec . 19 , 
T. 25 N., R. 2 :;. 
Latitude: 470 JS' 20" N. 
Longitude: 1220 JS' JO" w. 
Collected by Mackey Smith (oral 
communication) from upper peat 
lying between oxidizerl gravel 
units. 
Peat sample previously dated 
and des cribed by Crandell 
(Marsters and others, 1969) 
as overlyiP.g oxidized t i ll of 
Possession Drift . 
Sample collected by Crandell 
from peat overlain by pre-
Vashon till . D. R. Crandell 
(Ives and others, 1967) beli eves 
the pre-Vashon till to 'b.e 
equivalent to Hansen and Mackin's 
midcliff till ( Possessi~n Crif t) 
on 'o'lhidbey Island. 
Peaty silt of Olympia fton-
glacial inter val underl ain hy 
pre-Vashon oxidized ti l l 
(Marsters and others, 1969 ) . , 
Discont i nuous peat l ense in 
section of silt , sand, and 
slightly oxidi~ed gravel. 
Vashon till overl i es the 
gravel 
Peat and clay interbedded 
wit hin gravels thought by 
D . ~. Crandell ( Levi n and 
others. 1966) . 
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Kitsap Formation (Qk) 
Description and Background: 
Willis (1898) originally named the Orting gravel in the southeast 
Puget Lowland . Sceva (1957) later divided the Orting into: (1) a 
lower member, consisting of interbedded lenticular deposits of sand 
and gravel, and (2) an upper Kitsap clay member, consisting of laminat~d 
clay and silt interbedded with sand, gravel, lignite, volcanic ash, and 
glacial till. He interpreted both members as glacial in origin . 
Crandell and others (1958) used the name Orting for a glaciation in the 
Puyallup Valley, much older than the one which deposited the gravel on 
the Kitsap Peninsula. Molenaar (Garling and others, 196~ believed the 
Kitsap clay member to be nonglacial in origin and the lower gravel to 
be glacial; therefore, he described them as separate formations. 
The type locality of the Kitsap Formation is a sea cliff on the 
west side.of Colvos Passage in the southern part of Kitsap County 
between Maplewood and Olalla (sec. 9, T. 22 N., R. 2 E.). Molenaar 
(Garling and others, 1965) described the Kitsap Formation there as lying 
conformably above, and interfingering with the underlying oxidized 
gravel which he assigned to the Salmon Springs Glaciation. According 
to him the Kitsap Formation consists of finely laminated silt and clay, 
in contrast to the thicker, more massive, and contorted clays of the 
undifferentiated pre-Salmon Springs deposits exposed elsewhere. in , 
Kitsap County. Molenaar (Garling and others, 1965) included a silt 
stratum 0.3 to 1.2 meters thick, near the top of a thick sequence of 
~ 
oxidized gravel, as part of the Kitsap Formation and believed it 
represented the transition from a glacial environment to a nonglacial 
one without an erosional interval. 
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The Kitsap Problem: 
A number of major problems with Molenaar's definition of the Kitsap 
Formation pose questions as to whether or not the Kitsap Formation is a 
viable rock unit . 
The main problems with the Kitsap Formation as defined by Molenaar 
are: (1) Molenaar 1 s interpretation of the depositional interval includes 
any well stratified, finely laminated silt or clay; thus the Whidbey 
Formation, Possession Drift, and sediments of the Olympia nonglacial 
interval may be grouped together within the Kitsap Formation; (2) 
Molenaar may have misinterpreted the type of contact between the 
oxidized gravel of the Salmon Springs Drift and the overlying fine-
grained sediments of the Kitsap Formation; and (3) discrepancies in 
radiocarbon dates within the Kitsap Formation and differences between 
these and c14 dates in the Olympia nonglacial sediments elsewhere in the 
Puget Lowland . 
Molenaar (Garling and others, 1965) believed the Kitsap Formation 
was deposited during the 01ympi~ nong1acia1 interval , yet by his descrip-
tion of the formation as any well stratified, finely laminated clay, he 
has included three ·separate depositional intervals. This causes a 
problem in mapping stratigraphic relationships involving fine-grained 
sediments because by definition these sediments were a11 deposi.ted 
during the Olympia nong1acia1 interval, when in fact they may be older 
than the Olympia. , 
The thin silt and peat lens at the type locali.ty,wh.ich Molenaar 
interpreted as a transition between the glacial deposits and t~e over-
lying floodplain deposit~ is localized and pinches out in all directions 
within a short distance. The oxidized gravel above and below the fine-
graired sediment does not change in particle size, matri x, rock type, 
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or in any other distinguishing characteistics. At the contact between 
the oxidized gravel and overlying thick nonglacial sediments of the 
Kitsap Formation, an unconformity appears to be responsible for an 
abrupt change from coarse gravel to silt and clay. Molenaar bel.ieved 
the contact to be gradational, without an erosional interval; thus, 
he chose an arbitrary boundary for the Kitsap Formation at the base of 
the thin lens of silt and peat. A more practical contact is between 
the top of the gravel and the overlying fine-grained sediments . The 
contact Molenaar has used is not representative of the contact else-
where in Kitsap County, and by including the upper gravel as part of 
the Kitsap Formation, he has deviated from the fine-grained nonglacial 
description originally used in defining the Formation. 
Radiocarbon dates from sediments of the Olympia nonglacial interval 
elsewhere in the Puget Lowland are within limits of c14 dating, whereas 
the Kitsap Formation sediments are not ~42,000). Easterbrook (1968) 
noted that there are discrepancies in dates from the same peat beds in 
the Kitsap Formation, casting doubt on the reliability of dates in the 
sequence and making stratigraphic position of the peat beds unclear. 
Radiocarbon dates obtained from the Kitsap Formation at various locali-
ties in the Kitsap Peninsula prior to 1962 ranged from 20,000 to 35,000 
years B.P . . These early dates provided much of the. basi:s for assi.gni.ng 
the Kitsap Formation to the Olympia Interglaciation since dates for the 
Interglaci.ation ranged from 20,000 to 40,0QQ years B.P .. Resarupling at 
many of the previously dated localities has revealed ne.w dates:· beyond 
the limits of conventional c14 dating. As an example, peat ne~r the 
type locality of the Kitsap Formation at Maplewood was initially dated 
at 32,700 .:!: 1000 (U.W.-25) from a sample collected in 1961 by G. Kimmel 
(Do~n and others, 1962, p. 5); resampling and dating of the same peat 
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by Crandell and others (Marsters and others, 1969) gave a date of >42,000 
years B.P. (W-1982). 
In addition to discrepancies in radiocarbon dates, new evidence 
suggests that the time interval represented by the Olympia nonglacial 
interval is shorter than previously believed. Instead of extending from 
20,000 to more than 40,000 years ago, new radiocarbon dates and palynolo-
gical evidence suggest that the older age limit lies between 28,000 and 
35,000 years B.P. (Hansen & Easterbrook, 1974). The vegetational history 
recorded in peat bogs on the Olympic Peninsula supports the concept that 
the Olympia is younger than 35,000 years (Heusser, 1972). Therefore, 
many deposits with c14 dates beyond the limits of conventional laboratory 
techniques that have been assigned to the Kitsap Formation may belong to 
either the Whidbey Formation or Possession Drift. 
Last, even if Possession ice extended no farther than the southern 
end of Whidbey Island, its influence would have had a significant effect 
on the climate in Kitsap County. This change of environment from a non-
glacial climate to glacial climate would serve as a transition period 
between sediments deposited before and during the Possession Glaciation 
with pollen analysis within the deposits indicating this change. In many 
instances, the Kitsap may unconformably overlie the Whidbey with most 
evidence of Possession removed by erosion (Figure 37). The latter situ-
ation has occurred in Kitsap County and Molenaar has mapped both Whidbey 
• 
and Olympia sediments as part of the Kitsap Formation. 
Proposed Changes of the Kitsap Formation: 
In view of the problems involved with Molenaar's Kitsap Formation, 
the author proposes modifi cation of the Formation. Because one of the 
major problems appears to be the transition of glacial to nonglacial 
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sediment, the interbedded peat and silt between the two oxidized gravels 
at Molenaar's type locality of the Kitsap Formation should be considered 
Possession Drift, rather than part of the Kitsap Formation (refer to the 
Kitsap Problem, p. 61). Because the time interval for the Olympia non-
glacial interval, to which Molenaar (Garling & others, 1965) assigned the 
Kitsap Formation, is between 15000 to 35,000 years B.P. it is proposed 
that fine -grained sediments whose age lies within this time interval 
(as determined by pollen analysis or c14 dating) be assigned tG the , 
Kitsap Formation. Fine grained nonglacial sediment for which strati-
graphic relationship or age (based on c14 or pollen analysis) cannot be 
determined shall be assigned to a Whidbey-Kitsap Undifferentiated unit . 
Age and Stratigraphic Correlation : 
Kitsap Formation deposits are difficult to differentiate from 
underlying, nonglacial deposits of the Whidbey Formation and only a 
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limited number of exposures of Possession Drift separate them. Finite 
radiocarbon dates are useful in identifying the Kitsap Formation. 
Recent c14 dates obtained by the author in nonglacial sediments 
in Kitsap County are within upper and lower age limits set for Olympia 
nonglacial sediments elsewhere in the Puget Lowland . Sediments south of 
Point-No-Point, in the extreme north part of the county (sec. 22, T. 
28 N., R. 2 E.) contained pieces of wood in compact clay with thin 
discontinuous sand lenses 2. 5 meters above the beach (Plate 5.1], p. 
117; Figure 38C; Figure 39, p. 67). Medium-grained sand containing 
silt clasts overlies the compact clay and is overlain by 1 to 1. 2 meters 
of laminated clay. Vashon till overlies the laminated clay at this 
location, but an increasing thickness of Esperance sand separates them 
towards the south. Two samples of wood were collected on s~parate 
occasions and dated at two different laboratories to check validity. 
One sample was dated by A. Fairhall, University of Washington, at 
15,450 ! 250 years B.P. (U.W.-448) (Figure 38C ; Figure 39; Table 6, p. 
77). The second sample was dated by Isotopes, Inc. at 15,350 t 210 
years B.P. (I-10,374) Table 6, p. - 77). 
Fine-grained nonglacial sediment overlying the dated clay and 
sand lens increases in thickness southward. At approximately +00 a~d 670 
meters south of the dated section the dated clay is overlain by 23 and 
28 meters respectifully of interbedded sand and massive to lami'nated 
clay, with several meters of Esperance sand and Vashon till overlying 
{Figure 38A & B; Figure 40, p. 67; Figure 41, p. 68). 
/ 
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Figure 39. Interbedded blue-gray 
c~ay and --fifle gray sand several 
meters above beach near Point-No-
Point in sec. 22, T. 28 N. , R. 2 E. 
Dated at 15,450 t 250 years B.P. 
(U.W.-448) and 15,350 i 210 years 
(I-10,374). 
Figure 40. Bedded sand and clay 
of Olympia nonglacial interval 
south of Point-No-Point in sec. 
22 and 27, T. 28 N., R. 2 E. 0) 
'-I 
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Figure 41. Interbedded 
sand and laminated clay 
of the Olympia nonglacial 
interval south to Point-
No-Point in sec . 27, T. 
28 N., R. 2 E. 
The c14 dates from the nonglacial floodplain sediments of 15,450 
± 250 years B.P. (U.W.-448) and 15,350 ! 210 years B.P. (I-10,374) 
correspond to dates from pre-Vashon nonglacial sediments approximately 
35 kilometers south in Seattle. There, a date of 15,QQO. t 400 years 
B.P. (_W-1227) is thought by Mullineaux and oth.ers (J965} to indicate 
that Vashon ice did not advance into the area until af ter 15,000 years 
ago. , 
Just south of the mouth of Barker Creek on the east side of Dyes 
Inlet, a large piece of wood from compact, dark gray clay (Plati 4, 
p.69; Figure 42, p. · 71) gave a c14 date of 16,510 ± 320 years B.P. 
(U.W . -445) Table 6, p.77). Massive gray clay at t he base is overla in 
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Stratigra_phic cross section showing interbe"dded fine - grained sediments and 
oxidized gravel from the mouth of Barker Creek south 300meters. Location 









in thickness from 0.76 to 3 meters. Some of the oxidized gravel 
appears to have been squeezed downward into the underlying clay, perhaps 
by the overriding Vashon ice. A finely bedded, light gray clay, which 
overlies interbedded sand, silt, and clay in the south part of the 
sec~ion, is in marked contrast to the rest of the sediments exposed 
in the section and may represent a proglacial lacustrine deposit of 
the early Fraser Glaciation. 
Oxidized pebble clasts in the measured section consist of graywacke, 
vesicular basalt, vein quartz, and granite. If the c14 date of 16,510 
years B.P. in the clay beneath the gravel is correct, the gravel may 
represent alpine glacial outwash from the Olympic Mountains immediately 
prior to the Puget lobe advance . 
A c14 date of 36,325 ± 2680 years B.P. (U.W.-446) Table 6, p. 77) 
was obtained from wood in nonglacial sediments -approximately 400 meters north 
of the Kingston ferry landing (sec. 25, T. 27 N. , R. 2 E) (Plate 5.1, 
p. 105; Figure 43, p. 71; Figure 44, p. 72) . The dated sample was 
obtained 0.6 meters above beach level in a compact, faintly bedded, blue 
clay. The deposits from the Kingston ferry to 1. 2 kilometers north of 
i.t nave been folded and sli.ghtly faulted (figure 45, p. 73)_ (refer to 
section on defonned sedi.ments, p.74).. The fine-grained floodplain 
sedi.ments were previously mapped by Molenaar (Garling and others, 1965) 
as part of the Kitsap Formation. Blue-gray clay, thought to be pro-. 
glacial because of its gradational contact with the overlying { sperance 
sand, becomes laminated in the upper 30 .centimeters and changes to a 
medium-grained, light gray sand· that contains crossbedding and' several 
thin silt lenses. The sand becomes coarser upward in the section, 
grading into gravel in the upper 0.3 meters where it is overlain by 
Vashon till. Description and location for all recent c14 dates obtained 
. ' 
Figure 42. Interbedded, c1ay, si1t, sand and 
grave1. Date of 16,510 t 320 years B.P. (U.W. 
445) obtained in 1ower gray c1ay 0.5 meters 
above beach south of Barker Creek in sec. 28, 
T. 25 N. , R. 2 E. 
Figure 43. Interbedded clay, si1t and sand ~f 
01ympia nong1acia1 interval in small anticline 
north of Kingston ferry 1anding in sec . 25, T. 
27 N. , R. 2 E. 
71 
Flcure 44 Composite stratigraphic section showing c14 dated 
nonglacial sediments of the Kitsap Formation overlain by Vashon 
Drift approximately 400 meters north of the Kincston Ferry Landinc. 
o.15cm~ ••••• .• 
<; 18.lm 
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Figure 45. Fau1ted and fo1ded c1ay with elastic 
dikes in sand, north of Kingston ferry 1anding in 
sec. 25, T. 27 N., R. 2 E 
t- .. 
~ -=-
r,. ·. ~ .. 
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Figure 46. Injected 
fine sand and si1t into 
over1ying Esper.ance sand, 
south of She1t~red Bay 




within the Kitsap Formation in Kitsap County are indicated at the end of 
the section on the Kitsap Formation in Table 6, p. 77 and Figure 49 p. 77 
Deformation: 
Nonglacial deposits from the Kingston Ferry terminal to 1.2 kilo-
meters north have been deformed into small anticlinal and synclinal folds. 
The sediments have been slightly faulted with maximum displacement of 40 
centimeters (Figure 45, p.73). Clastic dikes are observed in the fine-
grained sediment. 
Interbedded, dense, fine-grained sand and silt with some clay of 
the Olympia nonglacial interval or older, exposed at th~ base of sea 
cliffs at Skunk Bay (Plate 6.3, p. 121), Coon Bay Plate 6.10, p.128; 
Plate 6.11, p. · 129), and north of Little Boston (Plate 6.12, p. 130) is 
deformed in many places. The fine-grained sediments have been injected 
upward into overlying Esperance sand, forming large diapir folds 
(Figure 46, p. 73). Some of the folds rise as much as 4.6 meters into 
the overlying sand and have been compressed (Figure 47; Figure 48) . 
Bretz (1913) described sediment deformation at several locations in the 
central Puget Lowland, including the north side of Useless Bay on Whidbey 
Island and along Hood Canal, a few miles south of Foulweather Bluff. In 
the lower part of stratified clay, peat, sand, and gravel that make up 
most of the exposure at Useless Bay, Bretz (1913) described clean, gray 
sand mixed with irregular masses of clay 3 meters in diameter and 9 to , 
15 meters apart. The clay masses are usually elongated vertic~lly and 
have irregular arms projecting vertically and horizontally into the sand 
# 
(Figure 48). Horizontally bedded sand and clay lie above trre deformed 
strata. Bretz (1913) recognized similar structures south of Foul-
weather Bluff along Hood Canal . 
---
Figure 47. Tightly folded diapir folds, consisting 
of fine to medium sand and silt with dips of 550 
northwest to 70° southeast, south of Sheltered Bay 
in sec. 19, T. 28 N., R. 2 E. 
Figure 48 . Deformed fine sand, silt, and clay that 
has been squeezed up into overlying sand at Skunk Bay 
in sec. 18, T. 28 N., R. 2 E. 
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Several possible causes for the deformation according to Bretz 
(1913) are: (l) lateral compression, (2) vertical intrusion, (3) 
plastic clay below quicksand which gave the clay mobility, or (4) ice 
shove. More than one of the above causes was responsib1e for the 
deformation in Kitsap County. In some cases two or three factors may 
have combined to produce the deformed sediments. The tightly folded 
sediment near sheltered Bay (Figure 47, p.-75) and Skunk Bay (Figure 48, 
p. 75) appears to be the result of both ice shove and lateral compres-
sion whereas the elongated arms of fine-grained sediment injected up-
ward into overlying Esperance. sand south of Sheltered Bay ~igure 46, 
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15,450 + 250 years B.P. 
(U .W.-4J:i:8) 
15,350 + 210 years B.P . 
(I-10,374) 
J6,235 + 2680 years B. P . 
cu.w.-4~6) 





c14 DATES PROM KITSAP FORMATION 
IN KITSAP COUNTY 
Location 
Point-No-Point, Wash. 
N.W. t• N. E. t• sec. 22, 
T. 28 N., R. 2 E. 
Latitude• 47° 54' 09" N. 
Longitude1 122° 31' 36" w. 
Kingston, Wash. 
S.E. t• N.W. t• S.W. ;, 
sec. 25, T. 27 N., 
R. 2 E. 
Latitudes 47° 48• 05" N. 
Longitudes 1220 29" 22" W. 
Barker Creek, east side 
of Dyes I nlet, Wash. 
Sec. 21 and 28, T. 25 N., 
R. 1 E. 
Latitude• 47° JS' 11" N. 
Longitudes 122 40' 19" w. 
Source 
Wood within clay and dis-
continYous sand lenses. Dated 
unit is overlain by inter-
bedded sand, clay, and Vashon 
till. 
Wood within massive blue 
clay and in11erbedded sand 
3 . 8 m thick 
, Wood within compact, dark 
gr&7 clay o .'45 m above beach 
in interbedded, oxidized 
gravel, silt, sand, and clay. 
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Skokomish Gravel (Qs) 
Description: 
An unnamed gravel previously mapped by Molenaar (Garling and others, 
1965) in Kitsap County was later given the name Skokomish by Molenaar 
and Noble (1970). This gravel consists of pebble-to-cobble-size stones, 
oxidized orange to dark red. The pebbles are locally cemented and so 
weathered that some disintegrate upon being struck by a rock hammer . The 
clasts are mainly basalt (Figure 50) with some graywacke, slate, and 
sandstone. Granite pebbles in some exposures were considered to repre-
sent reworking of Cordilleran glacial deposits (Molenaar and Noble, 
1970). In most exposures in Kitsap County, bedding is poor. These 
gravel deposits were thought to represent .deposition by alluvial fans 
extending beyond the foothills of the Olympic Mountains. 
Ffgure 50. Basalt cobbles of Olympic Mountain 
derivation found on beach near Holly. 
Discontinuous lenses of clay, silt, sand, and peat less than 1.2 
meters thick are associated with the gravel. The clay and silt is 
usually tan to yellowish brown while the sand is reddish brown. 
Distribution: 
Skokomish gravel is found mainly in sea cliff exposures adjacent 
to Hood Canal, south of Holly. Deposits are also found north of this 
site in scattered exposures along the shoreline south of Bangor . 
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The gravel exposed between Holly and Bangor is generally less than 
30 meters thick and is overlain by Vashon Drift. South of Holly, gravel 
is exposed in the lower portion of steep bluffs which are 150 to 180 
meters high. The author was not able to observe the gravel above 30 
meters due to the steepness of the slopes and to the vegetation cover. 
Therefore, the exact thickness of the gravel is uncertain, but it may 
reach 60 meters thick, as mapped by Molenaar and Nobel (1970) in Mason 
County. 
Age and Stratigraphic Correlation: 
The Skokomish gravel is thought by Molenaar (Garling and others, 
1965) and Noble (Molenaar and Noble, 1970) to interfinger with sediments 
of the Kitsap Formation and, therefore, to be nonglacial. They believe, 
furthermore, that pebbles of northern provenance in the base of the 
gravel represent reworking of the underlying Salmon Springs Drift because 
northern provenance gravel is found in decreasing amounts up ~ction. 
Molenaar and Noble (1970} interpreted the Skokomisn gravel as derived 
from the Olympic Mountains. 
Gravel at Bainbridge Island and at University Point may be correla-
tive with the gravel along Hood Canal. The presence at these sites of 
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vein quartz, reworked basaltic sandstone, and epidote, as well as absence 
of substantial amounts of northern provenance stones other than gray-
wacke (which is present in both northern and Olympic Mountain proven-
ances) provides some support for an Olympic Mountain derivation. The 
main problem in correlating the gravel units at Bainbridge Island and 
at University Point with the gravel unit along Hood Canal is the strati-
graphic relationship of the gravel unit to the Kitsap Formation. 
Molenaar (Garling and others, 1965) interprets interbeds of reddish 
to yellowish silt and clay with some peat strata in the Skokomish gravel 
along Hood Canal in Kitsap County as indicating the gravel's nonglacial 
characteris~i c and correlation with the more widespread Kitsap Formation. 
This interpretation is questionable for the following reasons: (1) 
the exact nature of the contact between the Kitsap Formation and Skoko-
mish gravel is unclear in Molenaar and Noble's report (1970); (2) 
discrepancies in Molenaar's useage of the Kitsap Formation and; (3) 
the gravel on Bainbridge Island and at University Point is, in most cases, 
fairly oxidized but only slightly weathered--yet it was beyond conven-
tional radiocarbon dating, whereas gravel and related sediments mapped 
as Skokomish along Hood Canal are described as slightly to considerably 
weathered by Molenaar (Garling and others, 1965) whicti. indicates the 
gravel may be older than tbe Kitsap Formati:on as defined in this paper. 
No c14 dates bave been obtained from the lower Skokomi sb~Kitsap sediments . 
along Hood Canal, and no conclusive evidence exists that the g~avel was 
deposited during the OlympiQnonglacial interval. However, because 
positive evidence for correlating the gravel at Hood Canal wit~ gravel 
deposits at University Point and Bainbridge Island is lacking, the gravel 
at Hood Canal is mapped as part of the Skokomish gravel until more 
evidence is ava il able . 
81 
Vashon Drift 
Vashon Drift consists of proglacial lacustrine sediments, advance sand 
and gravel of the Esperance sand, till, and recessional outwash deposited 
during the Vashon Stade of the Fraser Glaciation. 
Vashon Drift was deposited sometime between 15,000 and 13,500 
years B.P .. A c14 date of 15,350 years B.P. (I-10,374) obtained from 
wood collected by the author from nonglacial sediments directly below 
Vashon till at Point-No-Point, and a similar date of 15,000 years B.P . 
(W-1227) (Mullineaux and others, 1965) obtained near Seattle from non-
glacial sediments beneath Vashon till indicate that the ice had not 
arrived in the central and southern Puget Lowland prior to 15,000 years 
B. P .. A c14 date from sediments in Lake Washington in Seattle indicate 
the ice retreated north of Seattle by 13,650 years B.p . (L-346A) (Rigg 
and Gould, 1957). These dates bracket the time during which Vashon 
ice that deposited the Vashon Drift was present in the southern Puget 
Lowland: thus ice was present in the Seattle area for less than 1500 
years. 
A more detailed description of each of the Vashon Drift deposits 




Vashon Lacustrine Deposits (~) 
Description: 
Vashon lacustrine sediments are ice marginal. Extensive silt and 
clay were deposited when advancing ice from the north extended across 
the Strait of Juan de Fuca and blocked northward-draining streams in the 
Puget Lowland, when ice blocked local drainage, and when lakes formed 
between lobes of melting ice during deglaciation. The silt and clay 
range in color from gray to blue with some tan colored silt, and vary 
in thickness from 4 to 10 meters; bedding is laminated . Differentiating 
between Vashon clay and the underlying Kitsap or Whidbey Formation clay 
is often difficult. 
Distribution and Stratigraphic Relationships: 
Proglacial lacustrine deposits in Kitsap County are correlative 
with the Lawton Clay Formation (Mullineaux and others, 1965) at the 
type locality at Fort Lawton in Seattle (Figure 51). Mullineaux defined 
the Lawton Formation as glacial lacustrine clay and silt deposited in 
the early stage of the Vashon glacial advance. Correlation with the 
Lawton in Kitsap County is. based on the stratigraphic position and 
gradational nature of the contact with the overlying Esperance sand . 
One example north of the Kingston ferry landing (sec. 25, T. 27 N., R. 
2 E.) where 2.4 meters of finely bedded lake sediments overlie non-
glacial floodplain sediments of the Kitsap Formation and under'l ie a 
thick sequence of Esperance sand (Plate 5.1, p. 105). Laminafed blue-
gray silt and clay grades upward into fine gray sand of the Es~erance. 
These deposits outcrop continuously north almost to Eglon (Plates 5.1 
through 5.6 p. 105-110 ) . The clay was deposited on an irregular 
erosional surface. 
Figure 51. Type section of the Lawton Formation in 
Seattle. Interbedded silt, sand, and clay of the 
Olympia nonglacial interval is overlain by Lawton 
clay and Esperance sand.- Sec. 16, T. 25 N., R. 3 E. 
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Similar fine-grained lake sediments are observed along the steep bluff 
between Brownsville and Keyport where gray massive clay grades upward 
into fine tan sand and silt' and is overlain by Esperance sand. Because 
of extensive slides in the area, the lower contact of the lake sediments 
is not exposed. 
Finely bedded lenses of. silt and clay between dense gray sand 
occur below stratified Esperance sand near Miller Bay. This deposit 
was previously mapped by Molenaar (_Garling and others, 19651 as• Vashon 
recessional sand. 
Exposures of Vashon lacustrine deposits or nonglacial sedi~ents 
are also found on the east side of Big Valley. 
I 
84 
Esperance Sand (~) 
Description: 
Esperance sand was named by Newcomb (1952) in western Snohomish 
County. He recognized two major units within the Esperance and stated 
that "the earlier phase of the sand member appears to be a coarser 
continuation of the Admiralty clay, whereas the later outwash phase is 
undoubtedly the advance outwash of the Vashon glacier." Mullineaux 
and others (1965) redefined Newcomb 1 s earlier definition of Esperance 
sand and restricted it to the "later outwash phase" of Newcomb. 
Mullineaux's Esperance sand at Fort Lawton consists of fine to medium 
grained sand that contains some thin silt beds. Lenticular beds of 
coarse sand and granule-to-pebble gravel are corranon, and in some areas 
increase upward in abundance, thickness, and coarseness. The sediments 
display several types of stratification. Most corranonly the lower part 
of the sand is massive or horizontally bedded, suggesting early depo-
sition occurred in quiet water . Current bedding and cut and fill 
stratification become more abundant toward the top, indicating fluvial 
deposition. Foreset bedding indicates that direction of transport of 
sediment was southward or southeastward. 
The term Esperance sand in this paper is restricted to the outwash 
phase of Newcomb (1952) as redefined by Mullineaux and others (1965). 
Esperance sand in Kitsap County grades from fine-to medium-grained , 
sand in the lower part of the unit to coarse-grained sand with lenses of 
gravel in the upper part . The lower sand unit is often massive or 
. # 
finely bedded and contains thin, discontinuous lenses of dense tan silt, 
usually less than 15 centimeters thick. The sand is light gray to tan 
and is mostly loose and friable. The upper part of the Esperance 
sand consists of coarser advance outwash deposits, including strati-
fied, ice-contact and deltaic deposits . 
The stratified ice contact deposits consist of discontinuous 
lenses of gravel, sand, silt, and clay. Material within a particular 
lens is moderately sorted but because of the close proximity of the 
ice, grain size varies widely between lenses. 
Deltaic deposits are better s9rted than ice contact deposits and 
consist mostly of sand and gravel overlain by glacial till. Foreset 
beds often dip steeply. 
Distribution and Stratigraphic Relationships: 
The Esperance sand is widely distributed in the central and 
northern parts of the county. 
Good exposures of Esperance sand occur from the Kingston ferry 
landing north to approximately one kilometer south of Point-No-Point 
(Plates 5.1 through 5.12, p. 105 through ll8) . Well stratified, 
medium-grained sand, reaches a maximum thickness of 55 meters. At 
one location north of Apple Cove Point (sec. 24, T. 27 N., R. 2 E.), 
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18 meters of massive, fine-grained tan to light brown sand is overlain 
by 22 meters of brown to gray medium-grained, stratified sand . This 
sand underlies Vashon till and overlies proglacial lake sediments. 
The sand grades upward from fine to coarse, suggesting that the ice was , 
approaching during deposition. 
Exposures of Esperance sand occur in the east valley wall , along 
Big Valley, north of Poulsbo (sec. 2, T. 26 N., R. l E.); south of Port 
Orchard along Highway 12 (sec. 6, T. 24 N., R. l E.); at Misery Point 
• 
Figure 52. Esperance sand, stratified and inter-
bedded with thin lenses of gravel at Misery Point 
in sec. 17, T. 25 N., R. 1 W. 
(sec. 17, T. 25 N., R. 1 W.) (Figure 52), and south of Fletcher Bay 
in the upper part of the bluff (sec. 29, T. 25 N., R. 2 E.). 
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Extensive Vashon advance sand and gravel in the southwest part 
of the county along Hood canal appear to be ice contact sediments 
deposited over nonglacial sand, silt, and clay as a lobe of ice 
advanced along the present site of Hood Canal. In places, recessional 
gravel overlies the advance deposits. These differ from the lower 
advance deposits only in degree of compaction and oxidation. Flow 
till occurs in numerous exposures. , 
Ice contact deposits in the bluff directly behind the Olalla 
Store at Olalla (sec. 3, T. 22 N., R. 2 E.} consist of slightl .f 
deformed sand and gravel. The gravel is compact; i n some cases, it 
is slightly cemented and underlain by gravel mapped as Sal mon Springs 
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by Molenaar (Garling and others, 1965) . Advance sand and gravel between 
Olalla and Southworth are overlain by Vashon till and underlain by non-
glacial sediments just north of Wilson Creek (sec. 11, T. 23 N., R. 2 E. ). 
In the gravel pit just east of the South Port Orchard Airport (sec. 
34, T. 23 N., R. 1 E.) 16 meters of Vashon advance outwash sand and 
gravel is overlain by 3 meters of Vashon till. Similar sand and gravel 
at the North Kitsap Gravel Pit (sec. 19, T. 25 N., R. 1 E.) is 18 to 22 
meters thick. Twelve to 15 meters of Vashon advance sand & gravel at 
Point Jefferson (sec. 13, T. 26 N., R. 2 E.) is overlain by Vashon till 
(Figure 53). 
Foreset beds in Vashon advance deltaic gravels at Werner Road in 
Bremerton (sec. 21, T. 24 N., R. 1 E.) dip to the northeast 13 to 24 
degrees. The gravel is underlain by sand and overlain by Vashon till. 
Figure 53. Vashon advance sand and gravel overlain 
by Vashon lodgement till at Point Jefferson in sec. 
13, T. 26 N., R. 2 E. 
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Vashon Till (Qvt) 
Description: 
Vashon till was deposited by the last major Pleistocene glacier in 
the Puget Lowland, which occurred during the Vashon Stade of the Fraser 
Glaciation (Annstrong and others, 1965) . Most of the upland areas in 
Kitsap County are mantled by till, consisting of poorly sorted clay, 
silt, sand, and gravel deposited during advance and recession of Vashon 
ice. Lodgement till at the base of the ice has been compacted and 
stands in nearly vertical bluffs along the shoreline. The till is gray 
in most places,'but the color varies with the amount of oxidation. 
Sandy till frequently has a slightly brownish color, whereas till with 
abundant clay has a bluish tinge. Thickness of the till ranges from 
very thin lenses up to 20 meters. The tops of most sea cliff exposures 
are mantled by till with south-facing sea cliffs having thicker deposits 
of till than sea cliffs facing north. Difference in thickness is 
related to the nature of till deposition beneath the ice and the direc-
tion of ice movement from north to south. Little or no weathering has 
occurred in the till . 
Ablation till, deposited as ice melted, is less compact than 
lodgement till. Many of the finer silt and clay particles nave been 
washed away by meltwater . The thickness of ablation till is from 0.5 . 
to 3 meters and it is generally underlain by lodgement till. ~ost 
clasts are rounded to subangular, indicating a fluvial environment 
prior to incorporation in the till . Northern provenance rock ~pes 
present in the till consist of granite, diorite, quartz diorite, schist, 
and gneiss, with graywacke and porphyritic andesite also present. Some 
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local Tertiary volcanic rocks and Blakely .Formation clasts are found in 
till deposits in the south half of the county. 
Distribution : 
Vashon till is widespread throughout Kitsap County . In the south-
west part of the county between Holly and Lake Tahuya, lodgement till 
is overlain by ablation till, consisting of approximately 0.6 to 1.2 
meters of loose, unsorted, coarse gravel. Small depressions, underlain 
by lodgement till, mark the surface of the upland in this part of the 
county and are the site of numerous swamps and peat bogs. In the 
southeast part of the county between Long Lake and Olalla, a thin dis-· 
continuous sheet of till is present. Green and Gold Mountain in central 
Kitsap County are mantled by Vashon till. The till ranges in thickness 
from 0.5 to 3 meters and contains a high content of basalt and gabbro 
derived from the local bedrock that make up these hills . 
Stratigraphic Relationships: 
The base of Vashon till generally rests unconformably upon the 
underlying Pleistocene deposits, and in some cases, upon Tertiary bedrock. 
The unconformity varies from a marked angular unconformity to a less 
distinguishable disconformity. In places where Vashon till rests upon 
older till, a large thickness of till is observed, as in the sea cliff 
north of the Eglon public boat launch (Plates 5.8 and 5.9, p. 114 and 115), . 
where more than 40 meters of till is exposed. Vashon till is 9enerally 
overlain by Vashon recess i onal deposits or recent alluvium. 
, 
Vashon Recessional Outwash 
Recessional Outwash Sand (Qvrs) and Gravel (Qvrg) 
Ice Contact Deposits (Qvri) 
Deltaic Deposits (Qvrd) 
Description and Distribution: 
Recessional outwash from the Vashon glacier varies greatly in 
depositional environment, thickness, and extent. Recessional outwash 
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may be deposited by meltwater streams in large outwash channels, as 
deltaic deposits, and as ice contact deposits. The outwash is generally 
poorly sorted, consisting of a wide range of northern provenance rock 
types with some local rock types. Individual particles range in shape 
from mostly well-rounded to subrounded . The recessional outwash over-
lies till, which is the major criterion for distinguishing between 
recessional and advance outwash. Because Vashon till is not always 
present, difficulty often arises in making the distinction. 
Recessional outwash is deposited on valley floors from meltwater 
streams flowing away from the ice front. These deposits consist of 
fine- to coarse-grained sand with some gravel and range in thickness 
from 0.5 to 3 meters. In some instances, recent alluvium has been 
deposited over the recessional outwash. 
Typical recessional outwash sediments deposjted in meltwater 
channels are found on the floor of Big Valley, north of Poulsb~ , in 
Clear Creek Valley, northwest of Silverdale, and in the Olalla· Valley, 
south of Long Lake (Figure 54). A good exposure of foreset bees dip-
ping southeast are found in recessional sand deposits along the 
northeast side of Olalla Valley (Figure 55, p; 92) near Olalla. 
Ice marginal streams flowing along lobes of Vashon ice and adjacent 
, 
Figure .54 
Vashon meltwater drainage in Olalla Valley was south to ~ 
southeasterly . Pre-Vashon deltaic deposits adjacent to 
Olalla Bay show foreset beds which dip to the northeast. 
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Figure 55. Foreset beds in Vashon sand indicate 
drainage from northwest to southeast during past 
maximum ice stand of Vashon Stade in Olalla Valley 
in sec. 4, T. 22 N., R. 2 E. 
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landmasses during deglaciation in Kitsap County were responsible for 
deposition of recessional ice contact sediments. The ice contact 
deposits form kame terraces higher on valley walls. Some flat-topped 
ridges next to valleys and steep bluffs next to marine embayments are 
mantled with recessional deposits; they consist of moderately sorted, 
discontinuous lenses of silt, sand, and gravel. Flow till is also 
incorporated within the deposits. Ice contact sediments show defor-
mation as a result of sag, slump, or collapse (Figure 56; Figu~e 57 ); 
theyformp1tted outwash terraces with kames and kettles. Typical 
recessional ice contact deposits occur in the Garst Creek Vall~, 
where variable deposits of silt, fine-grained sand, and peat are found 
in the bottom of the valley with coarser sand and gravel lining the 
valley walls. Sceva (1957, p. 25) and Molenaar (Garling and others, 
Figure 56. Highly defonned ice contact sand and 
gravel resulting from collapse and slump, in gravel 
pit wes~ of Horseshrre Lake in sec. 9, T. 22 N., R. 
l E. 
Figure 57 . Collapse feature in ice contact 
deposit of sand and gravel approximately 0. 8 
kilometers west of Dyes Inlet in sec. 30, T. 
25 N. , R. l E. 
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1965, p. 36) described the depositional environment of the sand in 
Garst Creek as outwash accumulated in quiet water burying many large 
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ice blocks. Melting of the ice blocks resulted in formation of kettle 
topography and in deformation of the strata. Ice marginal streams 
deposited sand and gravel along the north valley wall (sec. 3, T. 23 N., 
R. 1 W.) Figure 58). To the west in Mason County, deposits on the 
floor of Garst Valley consist of very fine sand and silt formed in a 
shallow lake during the late stages of deglaciation. 
Kame and kettle topography fanned during the Vashon recession is 
also found along Blackjack and Burley Creek Valleys and i~ the vicinity 
of th·e Bethel-Burley Road intersection with Highway 16. The kame 
terrace deposits consisting of poorly-to-well stratified sand and gravel. 
On both sides of the Burley Creek Valley (sec. 25 and 36, T. 23 N., R. 1 E.) 
(Figure 59; Figure ·6o, p. 96) they contain a high percentage of gravel. 
Figure 58 . Ice contact sand and gravel adjacent to 
north valley wall in Garst Creek Valley in sec. 3, 
T. 23 N. , R. l W. 
Figure 59 . Ice contact stratified sand and gravel 
on east side of Bethel-Burley Valley in a kame 
terrace in sec. 25 and 26, T. 23 N., R. 1 E. 
West of Horseshoe Lake (sec. 9, T. 22 N., R. 1 E.), ice contact 
deposits show a high degree of defonnation (Figure 56, p. 93). Some 
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of the sand and gravel beds dip to the south, whereas other beds in the 
pit are folded, with collapse and slump structures and debris f lows. 
The ice apparently .. stagnated just to the north of this site and melt-
water streams transported large loads of sediment, burying blocks of 
ice. 
Ice contact deposits also occur south of Newberry Hil 1 Road 
• 
(sec. 29 and 30, T. 25 N., R. 1 E.) and in the east valley wa1 i j ust 
east of Poulsbo. Silt, sand, gravel, and flow till, were deposited 
~ 
by ice marginal streams during deglaciation at Newberry Hill. Collapse 
and slump structures can be seen within the deposit (Fi gure 57, p. 93). 
At Poulsbo pebble-to ·cobble-size gravel is overlain by a thin depos it 
of silt. 
Vashon ice contact d~posits adjacent to Blackjack 
and Burley Valley. 
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Numerous deltaic deposits formed during deg1aciation by sediment-
1aden outwash streams show good foreset and topset beds and consist of 
we11 sorted sand and gravel . Thicknesses of de1taic deposits in Kitsap 
County ranges from 10 to 20 meters. 
Oe1taic deposits near Breidablick in the northwest part of the 
county (sec. 26 and 27, r. 27 N., R. 1 E.) consist of sand and gravel 
deposited by me1twater streams (Figure 61). Foreset beds in the sand 
and gravel dip 31° to 35° to the northwest, indicating direction of 
stream flow was to the northwest during deglaciation (Figure 62). A 
deltaic deposit southeast of Lemola (sec. 31, T. 26 N., R. 2 E) shows 
foreset beds of sand and gravel that dip due-south to 56° west, indi-
eating stream drainage was from north to south. 
Figure 61. Deltaic 
sand deposit northeast 
of Breidablick in sec. 
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Alluvium includes recent sediments deposited in streams, lakes 
and swamps. Stream deposits are divided into two types: (l} (Qa2) 
clay, silt, and fine-grained sand, and (2) (Qa1) coarse-grained sand 
and gravel . Both types can be found in many of the former outwash 
channels that still contain small streams. 
Sediments deposited in swamps and lakes (Qps) consist of mostly 
peat, clay, and silt. 
Artificial Fill (af) 
Description: 
Artificial fill is mapped where man has modified the topography 
by placing a substantial addition of soil, sediment, rock, vegetative 




SUMMARY OF CONCLUSIONS 
Evidence in Kitsap County indicates at least two and possibly three 
major glaciations . The oldest glacial unit is correlative with the 
Double Bluff Drift on Whidbey Island, whereas the youngest till corres-
ponds to the Vashon Drift. Correlation of the oldest pre-Vashon Drift 
in Kitsap County with the Double Bluff Drift on Whidbey Island is based 
on: (1) similar characteristics of the tills, and (2} a thick seq~ence 
of nonglacial, fine-grained, floodplain deposits overlying the tills. 
The Possession Drift on Whidbey Island, which represents a glacia-
tion between the Double Bluff and Fraser Glaciations is distinguished 
from the latter on the basis of radiocarbon dates and its stratigraphic 
position. c14 dates obtained above the Possession on Whidbey Island 
are between 35,000 and 28,000 years B.P ., whereas dates below the 
Possession have been beyond the limits of conventional c14 dating tech-
niques. Also the stratigraphic sequence on Whidbey Island places the 
Whidbey Formation below the Possession, while the Quadra Formation of 
the Olympia nonglacial interval overlies the Possession. 
In Kitsap County evidence for glaciation between the Double Bluff 
and Fraser Glaciation is very vague. Oxidized gravel -in the south 
portion of the county near Maplewood may represent Possession Drift as 
does crossbedded sand containing granitic stones found at several 
locations along the eastern shoreline of the county . An accurate dis-, 
tinction based on age is limited due to a lack of stratigraph1c evidence 
and the fact that c14 dates obtained within the sand or gravel are 
; 
beyond the limits of conventional c14 dating. 
Deposits believed by the author to be Poss.es.sion Drift are 
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tentatively mapped as such until a more thorough investigation can be 
made. 
Floodplain sediments of the Kitsap Formation overlie Possession 
Drift, which, according to Molenaar (Garling and others, 1965), belong 
to the Olympia nonglacial interval. At the type locality of the Kitsap 
Formation near Maplewood, Molenaar included oxidized gravel that are 
interbedded with clay, silt, sand, and peat as part of the Kitsap 
Formation. Based on stratigraphic correl~tion and c14 dates, the 
author concludes that Molenaar 1 s Ki tsap Formation is a 11 catch-al1 11 term 
which includes the Whidbey Formation, Possession Drift, and Olympia 
nonglacial sediments. The ~hidbey Formation and Olympic nonglacial 
sediments consist of interbedded, fine-grained sand, silt, clay, and 
peat deposited in a floodplain environment and are usually well bedded. 
Distinguishing between nonglacial units is difficult because of similar 
environments of deposition and pinching out of Possession Drift between 
the Kitsap and the Whidbey Formations. c14 dating can be used as a 
criterion in distinguishing the two nonglacial units. c14 dates of 
Olympia nonglacial sediments in Kitsap County have ranged between 
15,350 ± 210 years B.P. (I-10,374) and 36,235 ~ 2680 years B.P. (U.W.-446), 
whereas c14 dates on material from Whidbey Formation · sediments are 
beyond the limits of conventional c14 dating techni.ques .. In almost all 
instances, sediments of the Whidbey Formation extend upward from beach , 
level to higher elevations than adjacent floodplain deposits of the 
Olympia nonglacial interval, suggesting the Whidbey floodplain was 
# 
extensively eroded, possibly during subsequent overriding by ice during 
the Possession Glaciation and prior to deposition of the Olympia 
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floodplain sediments which are unconformable upon the irregular surface 
of the Whidbey Formation. A complete summary of geologic events which 
occurred during the Quaternary Period is shown i·n Table 7. 
, 
c14 AGE in 
hare ll.P . 
table 7 
QUAT!IUWI? G1'lLOOIC KISTOR'! OP '1'11!! PUG!:l' LOWLAND 
Ill ltlTSAP COIJlft'? 
(Baaed on d&U fro• Sceva ( 1957), Crandell ( 1965) , llullineallZ and otllen 
( 1965), •olenaar (Garling and others, 1965), !aeterbrook and othen . ( 1967). 
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• • Plate 6.1 
.plate 6 includes Plates 6.1 through 6.18 and is a stratigraphic 
·cross-section from Hansville west to Foulweather Bluff and then 
south to Port Gamble Bay. Approximately two kilometers separates 
Plate 5.12 and Plate 6.1; therefore, a distinction has been made 
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LAND USE FEASIBILITY 
Introduction 
Kitsap County has undergone rapid growth since 1974 when the 
Federal government selected this county as the home base for Trident 
nuclear submarines. The county presently (April, 1977) has a population 
of 126,300; projected 1995 population is 160,000 or more (Arthur D. 
Little Co., 1974). 
This projected growth prompted the county to begin updating 
information necessary for l and use planning. In particular, the 
Department of Community Development has prepared a new comprehensive 
plan while other projects will provide updated soils, geology and ground 
water information. 
The geology update was prepared by geologists from the Department 
of Natural Resources and by the author through a grant from the Depart-
ment of Housing and Urban Development. The information provided consists 
of surficial geology, sewage disposal feasibility, and slope stability 
maps. Field work for the project began in early 1975 and continued 
through winter and spring of 1978 . 
Use of Soil Survey , 
Most of this report deals with geology of the Kitsap Peninsula. A 
-; 
section has been devoted to soils, however, because both are interrelated. 
Soil is the weathered uppermost layers of surface deposits, the 
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layers on which plants anchor their roots and from which the plant s 
derive the water and nutrients necessary for growth (Hunt, 1972). It 
is the result of the interaction of soil - forming processes on material 
deposited by geologic agents (Snyder and others, 1973) . Soil maps 
describe the developed soil formation (for a given location) in the 
upper surface of previously deposited geologic materials. 
Several factors determine the soil properties observed at any 
location; these are: (1) the physical and mineralogical composition 
of the parent material; (2) the climates under which the soil formed; 
(3) living organisms on and in the soil; (4) the topography or 11 lay 
of the land 11 ; and (5) the length of the time the soil has been forming. 
A soil survey of Kitsap County was recently completed by the U.S. 
Department of Agriculture, Soil Conservation Service (McMurphy and Ping, in 
press). These soil data, along with geologic and other data involved in 
land use planning have already been incorporated in the comprehensive 
plan developed for Kitsap County . 
Soil data gives information on the suitabi l ity and limitations of 
soils for engineering applications, such as private on-site sewage 
disposal facilities, agriculture and urban drainage systems, foundations 
for buildings and structures, and water storage reservoirs and embank-
ments. Soil data is, thus, useful as an aid in planning and preliminary 
design of specific development proposals and in zoning, subdivi sion 
' control, and official mapping (i. J. Bartelli and others, 196~). 
In Kitsap County soils and geologic information are used ~n a day-
to-day basis by builders, developers, and health , engineer ing, and 
building departments as well as planners. All are interested in 
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information such as: (1) suitability of soil for on-site sewage disposal; 
(2) depth to seasonal high water table; (3) internal soil drainage 
(wetness); (4) surface run-off; (5) soil suitability for foundations 
of roads and small buildings; (6) depth of bedrock or glacial till; and 
(7) other soil limitations. This information, even though provided in 
a survey, does not change the necessity and ·importance for making an 
on-site investigation . 
Maps and surveys of an area are limited due to the large areas 
covered and, hence, the small scale maps used . Building or development 
is not necessarily ruled out in areas with soil limitations, as on-site 
inspections can often result in recommendations and stipulations to 
make the site feasible for building. The maps, whether they be geology 
or soi 1 s, should be used as a warning or 11 red fl ag 11 that an area requires 
further investigation prior to making any definite and final deci sions 
as to suitability. 
On-Site Sewage Disposal 
Kitsap County recently adopted new regulations for on-site sewage 
di sposal. Setback distances from drainfield to water, wells, and slopes 
have increased. Lot sizes are now determined by soil types and water 
supply; changes have also been made regarding fills and drainage. 
Kitsap county now requires at least 1.2 meters of permea~e soi l 
and at least 0.9 meters vertical separation between the bottom of the 
disposal field and the maximum seasonal ground water elevation#or 
impermeable layer. This latter requirement may be reduced by the health 
officer, but in no case can the separation be less than 0.46 meter. 
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Without this provision most lots in Kitsap County would be unsuitable 
for building since the Peninsula is covered by a mantle of impermeable 
glacial till which is usually within 2.5 meters of the ground surface. 
The average depth from ground surface to top of till is 0. 6 to 1.0 
meter. Fill material may be used only as cover over the drainfield, up 
to a maximum of 0.46 meter, and no part of the drainfield may be installed 
in the fill. This means that if a lot has a minimum depth to an imper-
vious layer of 0.76 meter, the draintile may be permitted to be installed 
high in the upper portion of the original soil and then covered with the 
0.46 meter of additional fill to obtain the required 1.2 meters. 
Other than adequate soil depth, the most significant problem is 
perched ground water overlying the impervious .layer (Figure 63). In 
areas of adequate slope and soil depth, interceptor ditches may be dug 
upslope from the drainfield and drainage can be diverted away from the 
area. Lots in small basins or on very flat ground, however, are very 
Figure 63 . One of the major problems in Kitsap 
County for on-site sewage disposal is perched 
groundwater above an impervious soil. 
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difficult or impossible to drain, often making the lot unbuildable. The 
health officer may allow fill on some of these lots if it is justified, 
and meets specifications required by the Bremerton-Kitsap County Health 
Department. 
Downward percolating sewage will move laterally along the interface 
between overlying soil and an impervious layer; thus, when drainfields 
are installed above breaks in slope, the sewage will often surface 
where the ground flattens out. The probability of this occurring 
increases where distance between breaks in slope is fairly small. The 
new regulations take this into account by requiring drainfields to be 
set back from any slope in excess of 30 percent. The setback distance 
required is 4.6 meters plus the height of the bank or slope. For 
example, if a bank is 20 meters from the toe to top, the setback distance 
would be 4.6 meters plus 20 meters or a total of 24.6 meters. This 
set back offers adequate protection from sewage effluent seeping out 
at the bank or surfacing downslope. Where sewage disposal systems are 
installed on slopes up to 30 percent that exist over an impervious 
layer, interceptor drains should be installed. By diverting all other 
ground and surface drainage, as well as roof and footing drains away 
from the field area, the sewage can distribute itself over the entire 
drainfield area and its chance of surfacing is reduced. 
Present regulations use per.colation rate, soil type, and water 
supply to determine a lot size. Acceptable percolation rates 'for 
various soil classes, determined by personnel at the Department of 
Social and Health Services, Water Supply and Waste Division, a~e lower 
than those used by the Soil Conservation Service. For example, according 
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to state regulations any percolation rate over 30 minutes/2.54 centimeters 
is unacceptable; whereas the soil conservation service designates as 
unacceptable any percolation rate over 45 minutes/2.54 centimeters. 
Table 8 relates minimum lot size to soil type and water supply. By 
using the table, a soil consisting of fine sand with some silt which 
has a percolation rate of 5 - 9 minutes/2 . 54 centimeters is classed as 
a soil type 3. Under public water supply, the type 3 soil requires lot 
size of 15,000 square · feet. Where percolation rates are slower, larger 
drainfields are necessary and, thus larger lot sizes are required. 
Rapid percolation rates do not always indicate satisfactory soils. 
Soils with percolation rates of one minute or less/2.54 centimeters are 
WAC 248-96-090 MINIMUM LOT SIZES FOR SUBDIVISIONS. One 
of the following methods shall be used for determining lot sizes 
when on-site sewage disposal is used 
METHOD (l) TABLE ·8 -MINIMUM LOT SIZES 
SOIL TYPE 
WATER SUPPLY l 2 3 4 5 6 
Public l* acre 12,500 15,000 18,000 20,000 
sq.ft. 
Individual-
sq.ft. sq.ft. sq.ft . 
Each Lot 2* acres l ac:ire 1 acre l acre 2 acres 







· Percolation Rate•• General Soil 
Classification 
Less than l 
minute/inch 
l - 4 minutes/inch 
5- 9 minutes/inch 
10 - 19 minutes/ 
inch 
20 - 29 minutes/ 
inch 
over 30 minutes/ 
inch 
Gravel, coarse sand, 
cobbles 
Sandy soil, some 
loam, some gravel 
Finer sand and/or 
silt, few gravels 
~.ostly silt or clay, 
some sand and shot clay 
Silt or clay 
Gumbo, rock, hardpan , 
clay pan 
*Lot sizes for soil type 1 can be reduced by the health officer ' 
if engineering justification can be provided that shows signifi-
cant adverse effe cts on ground water quality will not occur: 
however, in no case shall the reduced size be less than that 
for soil type 2. 
Table 8. Soil type and minimum lot size in Kitsap 
County. Washington State Department of Social and 
Health Services, 1974, Rules and Regulations of the 
State Board of Health for on-site Sewage Disposal 
Systems, p. 6. 
considered excessively drained and require larger lots to insure the 
effluent is adequately treated. With public water supp~y, lots with 
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excessive drainage must be one acre or larger; lots with individual wells 
must be at least two acres in order to provide greater distance between 
wells and drainfield . Coarse sand and gravel containing only a very 
small percentage of fines, typical of some recessional outwash deposits, 
is an example of material with excessive drainage. 
New set-back requirements from septic tank and drainfields to wells 
WAC 248-96-100 LOCATION. (1). The minimum distance for 
location of the various component parts of the on-site sewage 
disposal system is measured horizontally and shall comply with 
Table II. 
TABLE9. MINIMUM DISTANCE IN FEET 
Component Well or Water Surf ace Build- Property Open 
Suction Supply Water ing Line Ditches 
Line(a) Line (a) (b) or Cuts 




sewer 50 10 10 -- -- --
Septic 
tank 50 10 so 5 5 --
Tile field 
or dry 
well 100 10 100 10 10 15 + 
Height of 
cut or bank 
(a) In soil types that are classified as having excessive 
drainage characteristics in accordance with WAC 248-96-090, the 
distance from any water supply or surface water may be increased 
by the health officer. 
(b) Setbacks from surface waters shall be measured from 
mean high water . 
(c) A reduced separation can be allowed between the tile 
field or dry well and the well or surface water by the health 
officer if it can be demonstrated that the reduction will not 
have an adverse effect . However , in no case shall the separation 
be less than 75 feet. • 
(2) The area to be used for sewage disposal shall be selected 
and maintained so that it is free from encroachment by buildings 
and other structures. The· area shall not be subject to vehicular 
traffic and shall not be covered with an imoervious surface . 
(3) The on-site sewage disposal systei'.ii shall not be located • 
in an area where surface water will aceur.tulate. Provisions shall J 
be made to minimize flow or accumulation of surface water over 
the area. 
(4) No part of an on-.site sewage disposal system shall be # 
constructed in a state flood control zone, before a flood con-
trol zone permit ~s obtained from the department of ecology. 
Such permits are issued under the provisi ons of Ch. 86 . 16 RCW 
and Ch . 508. 60 tvAC. 
Table 9. Set-back requirements for Kitsap County . 
Washington State Department of Social and Health 
Services, 1974 , Rules and Regulations of the State 




surface water, property lines, buildings, ditches, and banks are shown 
in Table 9; some are substantial increases over old requirements. 
Distance from drainfields to wells or surface water has increased from 
15 meters to 30 meters and, as previously mentioned, set-backs from 
banks in excess of 30 percent are now required. 
Old meltwater channels forming valleys between till-mantled up-
lands are frequently sites of rural development, with Big Valley, north 
of Poulsbo, and Olalla Valley, south of Long Lake, typical examples. 
Glacial till usually underlies these valleys at depth of 0.6 to 2 
meters. Drainage is usually very poor and results in the development 
of Black organic soils (Figure 64). After heavy rains water usually 
stands on the surface. Throughout the year the water table is within 
0.6 meter of the ground surface. It is generally impossible to drain 
these areas, and even if it were possible, soil permeability is too 
Figure 64. Valleys between till-mantled uplands are 
often underlain by till and are poorly drained. 
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slow for adequate functioning of on-site sewage di sposal . Fill cannot 
be used because of the possibility of contaminating surface waters or 
of erosion of the fill. Thus the bottom areas of these valleys are 
poor building sites. 
Many building lots in Kitsap County are in areas with shallow 
soils, drainage problems, or slow percolation rates. These problems 
are generally solved by proper design. Slow percolation rates are 
overcome by installing additional draintile to spread the effluent 
over a larger area. Shallow soils, as long as they meet minimum 
requirements, can have additional fill placed on them up to a maximum 
of 0.46 meter. Lastly, i nterceptor ditches can be installed to alleviate 
drainage problems. If any one of these problems cannot be adequately 
solved, another site for the drainfield must be found. Kitsap County 
has between 10 to 20 percent drainfield failures per year. For each 
failure there is at least one or more reasons for that specific failure . 
The following is a list of some of the common reasons why drainfield 
failures occur: 
1. Poorly drained soils . Percolation tests done dur ing very 
dry conditions do not indicate any drainage problem when 
there actually is a problem during wet periods. Therefore, 
drainfields may function well in dry weather but fail in 
wet weather. 
2. Inadequate percolati ons tests. Percolation tests maj be 
inadequate when the gound is not saturated properly prior to 
~ 
determining the percolation rate. Frequently, water is 
poured in the hole and rates are read without allowing 
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proper saturation. Therefore, drainfields are underdesigned 
for the soil and fail. 
3. Sha llow soils. Shallow soils over glacial till, bedrock, clay 
pan, or some other type of impenneable layer do not allow for 
vertical absorption of sewage effluent and often result in 
failure. 
4. Slopes. Drainfields on slopes between 15 and 30 percent that 
are not designed properly or have an impenneable layer below 
allow sewage to seep out downslope. 
5. Flooding . installing drainfields in areas subject to periodic 
flooding results in failure. 
6. Overcrowding~~ residence. The drainfield for a three-bedroom 
house is designed according to the number of bedrooms and the 
soil; a family of six living in the house, (as opposed to a 
. . 
family of three or four}. may overload the system and result 
in failure. 
7. Use of garbage disposal unit. Garbage disposal units cause 
drainfields to fail sooner because of excess greas~ and solids. 
8. Sewage saturation of soils. After many years of use, sewage 
eventually clogs the pores in the soil and effluent cannot 
spread laterally or move vertically downward. 
9. Improper ma fntenance of the di sposa 1 system. Not having the 
tank pumped periodically allows solids to enter the dr~infield. 
Homeowners also overburden the system by heavy water use within 
a single day, thereby not allowing the drainfield suff"kient 
time to absorb the sewage. 
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10. Driving on the drainfield . Placement of driveways and parking 
areas over drainfields often results in draintile being 
crushed and soils compacted. 
Most drainfield failures can be prevented through proper maintenance 
and proper site selection. 
For any potential building site the following things must be 
assessed and evaluated: 
1. Soil permeability. The soils must be thoroughly saturated 
prior to making readings of the percolation rate. Percolation 
rates must be less than 30 minutes/2.54 centimeters. 0 
2. Groundwater level. The highest groundwater level during the 
wettest' season should be at least 1.2 meters below the tile. 
Although this distance can be reduced to 0.45 meter in health 
districts with designer programs, the distance should be 
kept as far as possible . Clues to high water tables are 
gleyed soils and presence of water-loving vegetation such as 
sedges, willows, cedars, and spruce (Dunne and leopold, 1978, 
p. 181). 
3. Soil depth. Bedrock or impervious layers should be 1.2 meters 
below the tile. This is not always possible, but at l east 
0.76 meter of original soil overlying the ' impervious l ayer is 
required. The maximum d1stance between the bottom of t he tile 
and the impervious layer should be maintained. ' 
4. Slope. If possible, design on slopes less than 15 percent . If 
slopes exceed 15 percent, the distance to any imperme~ble layer 
should be suffi cient to prevent seepage. 
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5. Water bodies and wells. No wells or water bodies are permitted 
within 30 meters of the drainfield. 
6. Floodplains. Avoid placing drainfields in areas subject to 
periodic flooding. Investigate suspect areas by contacting 
appropriate agencies such as the local soil conservation 
office or health department. 
7. Differences.:!..!!. soil types. Areas where soil types change 
dramatically may not be feasible for on-site sewage, espeGially 
if the soils differ in their absorptive capacity. 
8. High bank setback. If steep banks or slopes in excess of 30 
percent exist, a setback from the upper edge of the bank to 
a drainfield is required. 
If all of these items are observed carefully, problems with septic tank 
and drainfield should be minimized and the system should function 
properly for a long period of time. 
For more specific information on drainfield failures and proper 
design for on-site systems, the reader is referred to the Manual of 
Septic Tan k Practice. 1 
, 
lManual of Septic Tank Practice, U. S. Department of Health, 
Education, and Welfare, 1972 . Public Health Service, Publication 




Slope staility is of considerable importance to land use planning 
in Kitsap County. The county contains 365 kilometers of shoreline, of 
which 174 kilometers (47.8%) is high bank while 96 kilometers (27.2%) 
is low bank (Kitsap County Department of Corrmunity Devlopment, 1976). 
Recent slope stability maps (Kitsap County Department of Community 
Development, 1976) indicate that most of these shorelines are either 
undergoing active sliding (marked by recent slides and unstable slopes), 
or have been the site of landslides in the past . Most of the remaining 
slopes have the potential for becoming unstable. Thus, with development 
at a peak in the county, and with waterfront property in high demand, 
it is essential that areas with slope hazards be brought to the attention 
of land use planners, bu i lders , and homeowners. 
In Kitsap County most naturally unstable slopes lie either along 
sea cliffs or along steeper valley sides. This instability depends on 
the following factors: 
1. Slope. Steep slopes are generally less stable than gentle 
slopes. If materials and degree of saturation are constant, 
as slope angle increases slopes become progressively less · 
stable. Because other variables are involved, bowev~r, slope 
alone cannot be used as a stability criterion. 
2. Composition and structure. The composition and geol ~gic 
structure (i.e., bedding, jointing) of the materials that 
make up a slope are important in determining its stability. 
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Bedding planes or joint planes in clay, till, or rock are 
surfaces or reduced strength; where these surfaces dip out of 
(or run parallel to) a slope, they form surfaces along which 
sliding can readily occur. Water moving downslope along joints 
or bedding reduces material strength by lubricating the joint 
or bedding planes and by increasing internal pore pressures. 
In w·inter, water may freeze along such surfaces, causing 
outward expansion. When the ice thaws, the overlying material 
(especially if clay) tends to slide . 
Unconsolidated materials composed of sand or gravel will, 
where undercut or oversteepened, slide until they reach their 
particular angle of repose. Materials containing more silt 
and clay, such as till or silty sand, possess cohesion and may 
stand near-vertical for relatively long periods of time . 
Erosion of these slopes takes place mostly by slow spalling 
related to freezing and thawing or wetting and drying _or by 
undercutting (spring-sapping) where ground water emerges from 
the free face. Clays and silts tend to be especially unstable, 
due to low strength, poor drainage (and thus high pore-pressures), 
and susceptibility to disruption by swelling and shrinking on 
wetting and drying. Clay overlying a compact sand often will 
fail due to the sand· liquifying, causing disruption of the 
• 
overlying clay. This has occurred at Apple Cove Poin~ , north of 
Kingston (Figure 65} where damage to several cabins and 
property resulted. 
~ 
Generally when a more permeable soil over-
lies a more dense and less permeable soil, a perched water 
Figure 65. Softer clay overlying dense ~ sand will, 
upon saturation, flow over the denser sand. Apple 
Cove Point, north of Kingston in sec. 24, T. 27 N., 
R. 2 E. 
Figure 66. Large landslide deposit near Warrenville, 
north of Seabeck. Toe of slide with new growth of 
trees seen in foreground. Base of bluff consists of 
cl ay . Sec . l 4 , T . 2 5 N . , R. l W. 
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water table occurs above the interface, separating the two 
units and forming a saturated zone. High pore pressures in 
this saturated zone reduce the strength of the materials and 
may result in slumping or mudflow. 
The opposite relationship may also occur. In such a 
case, weaker material underlies a more competent unit (such 
as till overlying clay or compact sand overlying clay). The 
lower unit will often erode faster due to wave erosion, spring 
sapping, or man modifying natural conditions, and undercut the 
overlying unit; this will eventually cause collapse (Figure 66) . 
Such slope failure has occurred frequently along much of the 
shoreline in the county. 
3. Water. The presence of water available to infiltrate the 
ground plays an important role in slope stability. In Kitsap 
County large quantities of rain generally fall from late fall 
until early spring. Because of low evapotransporation rates, 
much of this water either infiltrates the ground and eventually 
recharges the aquifer or ends up as runoff which eventually 
returns into Puget Sound, Hood Canal, or Admiralty Inlet. 
Water infiltrating the ground forms zones of local saturation 
during the wet period; high pore pressures in these saturated 
zones greatly reduce the strength of the materials in~olved. 
' If the downslope component of th_e weight of the slope exceeds 
this saturated strength, a landslide will occur CM. Smith, 1977 , 
oral communication). Most landslides in Kitsap County occur 
during l ate winter and spring when ground water levels are near 
their highest level s. 
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4. Wave Erosion. During winter stonns, waves undercut and steepen 
shoreline slopes. Because of the large percentage of high-bank 
shoreline in Kitsap County, wave undercutting is particularly 
important as such action causes slope instability. Older slide 
debris acts as protection from further sliding as long as it 
remains in place at the toe of the old slide. Active wave 
erosion eventually removes this material, however, and once 
again attacks the slope until another slide occurs . 
5. Modification of Natural Conditions. Human activities that tend 
to destabilize slopes are: 
a . Excavations that steepen slopes reduce stability and 
accelerate movement on the slope. They may also alter 
the natural drainage and destabilize the slope . 
b. Excavations on ground that is nearly level such as for 
highways or buildings may enable water to seep into 
colluvial ground and activate sliding on slopes below 
(Hunt, 1972. , p. 307) . 
c . In many hilly areas construction of residences and streets 
increases the landslide hazard by adding to the load on paten-
tial slide blocks and by improperly modifying the natural 
drainage (Hunt, 1972, p. 308}(Figure 67 and 68, Figure 69 
p. 155). 
d. Residential construction with septic tank and dra tnfield 
plus roof and footing drains increases water infiltrating 
• the ground, thus reducing slope stability (Figures 67 and 
68) . 
Figure 67. Home built directly on recent slide; 
debris provides a potentially dangerous situation. 
View Park, north of Fragaria in sec. 14, T. 23 N., 
N. 2 E. 
Figure 68. Recent slide caused in part by improper 
drainage and removal of vegetation by home built in 
upper part of bluff, north of Frenchmen Cove in sec. 
34, T. 25 N., R. 2 W. 
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e. Emplacement of arti"ficial fill modifies the load on a 
slope causing a permeability difference which results 
in perching and sliding of the fill. 
f. Clear cutting slopes reduces evapotranspirative losses 
from the soil and hence increase the amount of water in 
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the soil. In addition, root decay reduces soil strength 
(Bishop and Stevens, 1964). 
g. Removal of slide debris at the toe of a slope will enable 
wave erosion to directly attack and undercut the slope. 
h. Undercutting the base of a slope can cause collapse 
(Figure 69). 
i. Building on old landslides and modifying them by excavation 
or changes in ground water increases instability. 
Figure 69. Undercutting of lower slope in Esperance 
sand to increase area has resulted in slope failure, 
south of the Creosote Plant, Bainbridge Island in 
sec. 36, T. 25 N., R. 2 E. 
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6. Seismic Activity. Earthquakes cause sudden jarring and ground 
vibration which may trigger landslides. 
In some instances the factors which cause slope instability can 
be altered to make an unstable area safe. Common methods used to 
stabilize slopes are: (1) placing retaining walls or bulkheads at the 
base of slopes, which is effective only on relatively small slide areas; 
(2) using piles; (3) draining the slide and slide plane to reduce 
saturation; and (4) grouting. As long as the modification(s) used 
is maintained, the slope should remain stable. In any case, thorough 
geologic and engineering investigations are imperative if naturally 
unstable slopes are to be modified or developed safely. 
Setback requirements, which are to be determined by on-site 
investigation, also have to be implemented for unstable areas. Severe 
slope conditions will require larger setbacks for building than slopes 
with only minor slope problems. Exact setback requirements have not 
been set for Kitsap County. The scale of the slope stability map and 
procedures used in mapping at such a scale limit the use of the map and 
is another reason why on-site investigations must take place. At such 
times unstable boundaries can be determined and the setback enforced . 
The map should only be used as an indication that a given area requires 
more investigation prior to issuance of building permits. 
Map Units 
The slope stability categories used by the author in the accompanying 
map (plate 9, map pocket) are described below. These categories are 
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basically the same as those used by the Department of Natural Resources 
in their shoreline inventory; I have added one new subcategory. 
1. Stable. (Map symbol-S) . Slopes are generally less than 
15 percent except in local areas of low water table or 
competent bedrock. It includes roll i ng uplands and lowlands 
underlain by very stable material such as weathered till and 
deposits such as peat, which although inherently weak, have 
no significant slope. 
2. Intermediate1 . (Map symbol-I). Slopes are generally between 
15 and 30 percent. This category includes slopes without 
known failures in sand, gravel, till, and thin soil over 
bedrock. 
3. Intermediate2 . (Map symbol-I
0
). Slopes are steeper than 30 
percent . This includes slopes without known failures in sand 
and gravel, till, and thin soil over bedrock. In the vicinity 
of Green and Gold Mountains, talus from rock falls is found 
at the base of slopes in this category. This subcategory was 
used because slopes in excess of 30 percent cannot be used for 
placing of on-site sewage disposal systems. (Washington State 
Department of Social and Health Services, 1974, Rules and 
Regulations of the State Board of Health for On-Site Sewage 
Disposal Systems WAC 248-96 . 
4. Unstable . (Map symbol-U). Slopes considered unstable due to 
geologic, ground water, slope, or erosional factors. This 
category includes areas of landslides and talus too small or 
obscure to be individually mapped . The symbol (.Urs) is used 
for recent or historically active landslides, and the map 
symbol (Uos) is used for old, post-glacial but prehistoric 
landslides. 
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5. Modified Sl?pes. (Map symbol-M) . Slopes highly modified by 
man. This includes areas of significant excavation and filling . 
Slope response to a combination of natural processes and man's 
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Table 10 
FEASIBILITY OF SOILS POR ON.-.SITE SEWAGE DISPOSAL 




Vashon till Sandy gravel loam Moderate to Septic tank and drainf ield sew-
found on with cemented poor age lagoons and sanitary landfills 
undulati'ng substratum at 0.5 tc are all rated severe due to 
to steep 1 m. Perched water cemented pan and wetness. Water 
uplands table generally moves on top of substratum in 
found on slopes 48']' , winter and oftern presents 
!Moderately well problems with drainage on slopes 
drained. .:: 15%. 
Soils formed Dark brown to Good to Slight to moderate. On slopes> 15~ 
on terraces yellowish brown, excessive limitations become severe due to 
in stratified very gravelly excessive drainage . 
very gravel!~ loamy sand to a 
out wash depth of o.46 m. 
deposits ~ray-brown gr&velly 
~and substratum to 
1.5 m 
Sandy, out- Brown to dark brown. G-:>od to Slight to moderate on slopes ~15% , 
wash of ~ight olive brown excessive becoming severe on slopes >15%. 
recessional ~oamy sand surface 
or advance layer to 0.76 m in 
origin ~epth . Underlain by 
associated ~.5 m of olive sand 
with eskers, , ubstratum 


























... .... " 
Geologic 
Description 
Soil Description Permeability 
'.Lacustrine Very dark gray Poor 
deposits bot~ brown and dark 
glacial and brown silt loam sur 
nonglacial •. face with gray 
Found on up- brown subsoil and 
land benches, olive brown silt 





Nonglacial Sand and silt of Variable1 
interbedded varying thickness good in sand 
fine sand anc to poor in 
silt·: Overlies clay 
Esperance sand 
Recent lrypically black Poor. 
alluvial !Sandy surface. Majoi Subject to 
soils formed ~se le agriculture frequent 
along upland flooding 
drainages or 
in basins on 
the glacial 
till plain 
Soils formed 1Poorly drained orgar - Poor 
in deposits ic soils. Very dark 
of sludge brown muck surface 
peat and !layer overlies 
alluvium in s tratified organic 
stream valleJ ~matter and mineral 
and on rollin layers and a dark 
glaciated · ay loamy sand · 
uplands 
On-Site Sewage Limit.ations 
Severe 
Severe due to steep slopes and 
clays 
Severe. Impossible to drain due 
to very gentle slopes. 
. . 




Soil Name Geologic 
n .. scrintlon 
Kapowsin Vashon till 
gravelly 
loam 
McKenna Glacial till 
gravelly in depress-
loam ions and 
sloping drair 
age ways on 
glacial 
uplands 
Sinclair Forms on 
very Vashon till 
gravelly on slopes 2 
sandy to 151'. These 
loam soils occupy 
fairly flat 
to gentle 
elopes at the 
head or side 
of drainage 





Soil Description. Permeability 
Dark brown and dark Moderate 
yellowish brown 
gravelly loam surface 
and subsoil 
Poorly drained with J?oor 
perched water table 
Soil reddish brown 
- gravelly silt loar 
or dark yellowish 
brown with olive 
brown sµbsoil and 
thick cemented till 
substratum 
Very gravelly sandy Variable 
loam o.6 to 1.6 m 
thick1 below which 
is cemented till 
On-Site Sewage Limitations 
Severe due to high water table 
and restrictive till substratum 
Severe due to high water table, 
frequent flooding and slow 
percolation. 
Severe due to perched water 
table resting on till 
CJ) 
........ 
Soil Name Geologic 
Description 
Poulsbo Formed on 
gravelly .. sandy,glacia 
loam till plains 
Ragnar Recessional 
fine . and advance · 




silt deposits and 
loam organic ,. - . material on 
deltas adja-
cent to tide 
land Fi 
Soil Description 'Permeabili t:i 
Beneath a thin organ- Variable 
ic mat, topsoil is 
dark gray-brown,very 
gravelly sandy loam. 
Subsoil is dark browr 
gravelly sand loam 
and substratum weak-
ly to moderately 
cemented, light 
olive brown and 
olive gravelly 
sandy loam 
Very dark gray-brown, Good 
dark yellowish brown 
and yellow brown, fine 
sandy laber and sub-
soil o.6 m thick. 
Olive brown loamy 
sand substratum to 
1.5 m 
Dark brown sil t loam Poor 
surface layer, dark.· 
gray-brown silt loa'm 
subsoil, and a 
stratified silt loam 
and clay su~stratum 
On-Site Sewage Limitations 
Severe due to high water table 
Slight to severe, dependinl?; on 
slope. Slight on slopes<8%, 
severe on slopes >15~· 
Severe due to high water table 




Soil Name Geologic Soil Description 
Description 
Bellingham Alluvial soi s Black silt loam, 
series formed on clay loam, or ail ty 
nearly level clay loam topsoil. 
glacial up- Gray or dark gray 
lands silty clay and clay 
subsoil 
Dupont Organic- rich Consist of organic 
soils sediments material down to 
(Qp~) 'formed 
iii depressio1 s 
1.8 m 
on uplands 
Mukil tea Formed on Dark yellow brown 
soils organic mat- and dark reddish 
erials found brown muck surface 
in depressio1 s layer 0.15 m or 




Semiahmoo Organic-.rich Black, reddish browt 
(Qps ) sediments and very dark brown 
~ muck ..... formed in muck to 1 • .5 m 







On-Site Sewage Limitations 
Severe due to wetness, floods, 
and slow percolation 
Severe due to floods, high 
water table ,and slow percolation 
Severe due to poor drainage, 
high water table, and flooding 
Severe due to high water table 
from November through May, 




Soil Name Geologic ISoil Description IPermeal>ili ty 
Description 
Grove Glacial out-1Thin mat of organic I Excessively 
wash on material overlying drained 
terraces and dark reddish brown 
terrace brea s very gravelly 
in siope1 loamy ·sand,upper 
gravelly ice subsoil O.J m thick. 
contact Lower subsoil 
deposits reddish brown, very 
gravelly coarse sand 
o.4 m thick. Sub-
stratum very dark 
gray-brown,gravelly 
coarse sand to 1.5m 




till on .gravelly sandy loam 
Formed in ~Dark yellowish bro~ Moderate 
sandy glacia and dark brown 
slightly surface layer1 sub-
undulating t soil 0 .9 m thick. 




.., • 1till on 
slopes 
45 to 90% 
stratum to 1.5 m or 
more. Depth to till 






On-Site Sewage Limitations 
Slight on slopes ~8% and 
severe on slopes >"15% 
Severe due to wetness and 
glacial till 













~ sandy· . 
loam 
Geologic Soil Description Permeability 
Description 
Areas mapped Occur on slopes of Variable 
as artificial O to 8~ and are 
fill usually found in 
highly developed 
areas along shore-
lines as extensions 
of land areas into 
marine waters 
Medium to Good to 




spits and in 






\'leathered Surface layer daPk Variable 
basic igneou: reddish brown,very 
rock· gravelly silt loam 
varying in thicknesl1 
bedrock at O.j to 
0.5 ·m depth 
On-Site Sewage Limit·ai:lons 
Slight to severe 
Severe due to excessive drainage 
erosion by winter storms, and 
extreme high tides 
Severe due to steep slopes and 













Geologic Soil Description Permeability 
Description 
\~eathered Dark reddish brown, Good to 
collUvial very gravelly silt moderate 
basalt on loam surface 0.2 m 
steep to ver thick. Underlying 
steep upland dark brown and darl 
yellow brown, very I 
gravelly to extremely 
gravelly silt loam 
1.J m overlying 
basalt 
Formed in Very dark gray- Poor 
glacial till brown loam surface 
and restdium layer 0.2 m thick. 
weathered Subsoil dark brown 
from s)..l tsto e and yellowish 
and sandston brown loam, fine 
lsand loam o.68 m 
On-Site Sewage Limitations 






EXPLANATION OF SOIL RATINGS 
(Based on Wash. State Dept . of Social and Health Services, 19?4, Rules and Regulations 
of the State Board of Health for On-Site Sewage Disposal Systems, p. 6 and 8). 
Slight Moderate Severe Excessive Good Poor 
Permeabill ty 
> 9 min/2. 54cm d min/2. 5'•cm > 1 mln/2. 54cm > 20min/2 . 54cm. perc rate 
in minutes and and Unacceptable at 
per 2.5'• < 19 min/2. 54cm ~ 9 min/2. 54cni >JO min/2 . 54cm 
centimeters 
Soil depth to 
impervious 
>l.6m t .6m- lm <lm 
lens e 
Groundwater > J . 6m ~ t . 6m and < lm 
>lm 
Slope % < 15~ >15% but 
<)0% 
'>)O~ 






UNDATED PEAT AND SHELL SAMPLE 
LOCATIONS IN KI'l'SAP COUNTY 
Location 
Poulweather Bluff 
NE; NEi, sec. 12, 
r. 2 N., R. 2 E. 




west of above location 
Twin Sfits 
SEi SE~, sec. 12, 
r. 2 N., R. 1 E. 
1,000m south of 
~oulweather Bluf! 
Plate 7.7 
· SE or rwin Spits 
NEi NEt, sec . 1J, 
r . 28 N., R. 1 E. 
Just east or 8,100m mark 
Plate 7 . 8 
N or Sheltered Bay 
NW"' SEt o! SEt, sec.18, .. 
1'. 28 N., R.. 2 E. 
Near 10,200m mark 
Plate 7.10 
s or Coon Bay ( 2km) 
NEi SWt, sec. 18, 
., r. 28 N., R 2 E • 
Near 14,000m mark 
Plate 7.13 . 
Stratigraphic 
Unit Description 
~w Two peai; uni ts exposed ai; 
base of sea cliff. Lower 
peat lies on beach just below 
high tide and overlies a till. 
Upper peat is o.8 to 1. Jm 
above lower unit• it is inter-
bedded by sand and clay,and 
overlain by finely oxidized 
gravel. Both peats are 
discontinuous. 
Qdb Pebbly clay diamicton contain-
ing abundant whole shell and 
shell fragments . · --Qdb Diamicton containing whole 
shell and shell fragments. 
Unit is 2.7m thick and is 
underlain by 2.4m of !ine 
sand while overlain by 4.5m 
o! sand and gravel. 
Qk exnosed at ·rwo peat units 
base o! bluff, Lower O.Jm 
peat is interfingered in 
blue clay. Overlying pea-c 
is o.9m or blue clay and a 
O.Jm organic rich silty 
material. 
Qp Pebbly clay diamicton 
containing shell fragments or exposed above beach overlain 
Qdb by lense of sand and gravel. 
Qp Pebbly clay diamicton contain-
ing shell fragments. <Jnit or overlain by Vashon till and 
Qdb underlain by pre-Vashon till . • 
Unit exposed approximately 




S ot Coon Bay Qp Same as above 
15,ooom to 16,JOOm mark or 
Plates 7 . 14 and 7,5 Qdb 
S ot Little Boston- Qdb Number or deposits containing 
Eastside Port Gamble Bay whole shell and/or shell 
NWi NE!, sec . 8, 'fragments. Units involved 
T. 27 N •, R. 2 E. range from bl ue-gray clay 
Between 1?,400m to 18,?00n with shell fragments to 
mark peaty clay and clay contain-
Plates 7,15 and 7.16 ing whole gastropod shell and 
diamicton containing shell 
!r.unnents • 
Eastside Port Gamble Bay Qw Peat unit found right at sea 
SEi SE:, see. 8, level to several meters above. 
r. 27· N. , R. 2 E. Peat varies in thickness with 
19,ooom to 19, 5oom mark maximum thickness 1m. 
Plate 7.17· 
Skunk Bay Qp Pebbly diamicton containing 
NEt, see. 18, l' • 28 N., or shell fragments and some wood . R. 2 E. Thought by Sceva (1957) and 
J, JOOm t o J,600 m mar k Qdb Garling and others ( 1965) to 
Plate 7 .4 be glacio marine. Diamic<.: on 
overlain by Vashon till. 
Skunk Bay Qp Pebbly diamicton containing 
E ot a bove exposure along or abundant number of shel l beach bluff from 2,JOOm 'fragments exposed 6 to 12m 
to 1,800 m mark Qdb above beach. 
Plate 7°J 
N of Kingston Ferry Qk 15cm peat dipping N 20° E. 
NE; sw;, sec. 25, Overlies interbedded clay 
l'. 27 N., R. 2 E. and sand . 
Near 220m mark 
Plate 6 .1 
NW end of Apple Cove Point Qk ·•loody peat exposed directly 
SEt NEt. sec. 24, or on beach. 
1' • 2? N., R. 2 E. 
Measured section Qw 
Plate 6.J 
NW of Apple Cove Point Qdb Clay with whole shell and 
NWi SEi, see . 14 , shell fragments exposed just 
l' • 27 N., R. 2 E. above beach. 
Near 4,5oom mark • 
Plate 6.4 . 
NW of Apple Cove Point Qw Piece of wood found Jm above 
(above ) beach in slighly oxidized 
Plate 6.4 sand. 
..... , 
S of Point-No-Point 
28/2E-22 and 27 




u f facing to the _ 
directly opposite Kingston 
NE~ NE~ sec . JS k-
indianola- - l.2km east o 
pier 
SWi NW~ 26/ZE-14 
Plate 5 
o r e cner ay, 
Bainbridge Island 
NWt NWt 25/2E-20 






Pieces of wood and charcoal 
exposed in lower sand unit. 
evera t ic peat enses are 
exposed above beach. One peat 
is approximately 1 m thick, 
the other peat is 1 . 5 to 1.8 m 
of interbedded lenses of neat 
and sand. Exposure is 2 . 5 m 
above beach and overlain by 
pebbly gravel lens . 
J too. m o peat expose 
approximately 2 to 2 . 5 m 
above beach. Overlain by 
interbedded clay, sand, and 
5ravel . Underlain by inter-
fingering sand and clay 1.2 m 
thick with 1 m of sand and 
clay above. Peat and 
fine grained deposit are found 
east of the above location 
near steep bluff. Chunks of 
the peat found on beach but 
could not find exposures in 
bluff. 
eay an c ay in er e 
within thick oxidized 
unit . 
ea oun ying airec y 
on beach. Overlying peat is 
at least 2.5 m of oxidized 
dense gravel and sand, 
possibly Whidbey or Double 
Bluff in age. 
umerous pieces o oea 
found washed uo on beach. 
Believe exoosure of oeat is 
l ocated wi~hin low tide. 
ea an c ay in er ea e 
within oxidized gravel unit 
believed to be of Olympic 
M01.mtain provenance. Co.relate 
with uni t at University ?oint. 
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